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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INCOKPORATED     1852. 


TR^NS^CTIOISrS. 


A. 


ADDRESS  OF  THE  PRESIDENT, 

James  P.  Ktrkwood. 

DECEMBER  i,  1867. 


It  may  be  expected  that  on  tliis,  the  first  general  meeting  since  the 
reorganization  of  the  Society,  I  should  have  something  to  say  of  its  past 
history  and  future  hopes  ;  but  as  regards  the  past,  it  seems  needless  to 
dwell  on  it  further  than  as  it  may  help  us  to  reshape  our  course  toward  a 
more  satisfactory  future. 

The  origination  of  the  Society  is  mainly  due  to  the  persevering  efforts 
of  Mr.  Laurie,  and  the  labors  attending  its  conduct  through  the  fijst 
stage  of  its  existence  fell  mainly  upon  him  and  upon  the  Secretary,  Mr. 
Morse.  The  Society  gradually  failed  to  interest  the  resident  members 
from  causes  which  may  occur  again  and  produce  the  same  result.  I  will 
state  the  general  causes  as  they  appear  to  me,  and  whether  you  agree 
with  me  or  not,  I  desire  to  lead  your  thoughts  in  this  direction,  that  we 
may  look  our  difficulties  in  the  face  and  judge  how  we  can  avoid  them  or 
control  them  in  the  future . 

During  the  first  year  of  the  Society's  existence  the  want  of  funds 
obliged  us  to  get  along  without  rooms,  and  the  routine  meetings,  as  all 
of  you  remember,  were  held  in  Mr.  Craven's  office.  "When,  however,  the 
Society  became  possessed  of  funds,  the  same  arrangement  was  continued, 
and  for  some  years  we  were  a  Society  without  a  habitation,  with  no 
rooms  to  which  the  country  members  could  resort  when  in  the  city,  and 


to  which  both  they  and  the  city  members  could  point  as  evidence  of  our 
being  something  more  than  a  parchment  Society.  Prudential  reasons 
kept  us  from  venturing  on  that  leap  then.  In  this,  the  second  stage  of 
our  existence,  we  have  corrected  that  infirmity  of  our  childhood,  and  if 
the  Society  is  well  sustained  even  by  a  moiety  of  the  host  of  engineers 
scattered  over  this  vast  country,  there  can  be  little  doubt  of  our  being 
able  to  improve  our  present  small  beginnings  as  regards  convenient 
rooms  for  our  meetings  and  properties. 

In  another  and  more  important  point,  as  some  wUl  view  it,  we  were 
deficient  before,  and  this  deficiency  all  of  us  were  to  blame  for  without 
exception,  if  I  am  not  mistaken.  I  allude  to  the  absence  of  professional 
commtinications  from  the  members,  one  of  which  is  wanted  at  every  gen- 
eral meeting,  to  induce  a  fair  attendance,  to  elicit  discussion,  and  inci- 
dentally to  jirovide  a  channel  or  bond  of  intercourse  between  us  and  the 
country  members. 

The  non-resident  members  may  many  of  them  connect  themselves 
with  our  Society  from  a  kind  of  esprit  de  corps — a  sort  of  free-masonry  of 
good-will  one  towards  the  other,  which  prevails  more  generally  with  us, 
I  think,  than  on  the  other  side  of  the  Atlantic  ;  but  this  link  of  union 
between  the  Society  and  those  distant  members  who  can  but  rarely  enjoy 
the  privileges  of  its  meetings,  or  the  convenience  of  its  rooms  or  library 
when  it  shall  possess  one— this  hnk  of  good-will,  I  say,  must  be  main- 
tained and  nourished  by  some  palpable  food.  The  short  papers  to  which 
I  have  alluded  on  subjects  of  professional  interest  or  a  selection  from 
them,  must  be  printed,  to  admit  of  the  doings  of  the  Society  here,  reach- 
ing and  interesting  the  non-resident  members. 

We  cannot  expect  that  an  occasional  letter  from  the  Secretary  in 
search  of  fees,  or  even  in  answer  to  some  professional  inquiry,  will  long 
be  sufficient  to  induce  those  who  cannot  meet  with  us,  to  contribute  the 
funds  necessary  to  the  successful  existence  of  the  Society.  I  speak  more 
particularly  of  the  non-resident  members  now,  because  without  a  very 
general  and  cordial  support  from  them  the  Society  cannot  long  maintain 
a  respectable  existence.  There  are  a  sufficient  number  of  resident  mem- 
bers to  form  a  very  pleasant  club,  but  it  will  require  at  least  two  hundred 
members  to  meet  the  expenses  necessary  to  establish  this  Society  on  a 
solid  and  respectable  footing,  and  four-fifths  of  them  would  necessarily 
be  non-resident  members. 

Now,  we  have  a  more  numerous  constituency,  if  I  may  so  call  it,  of 


engineers  here  than  obtains  either  in  England  or  France,  and  yet  Eng- 
land has  two  flourishing  engineer  societies,  and  France  has  at  least  one. 
They  possess  the  advantage  of  smaller  territories,  and  greater  nearness 
of  all,  therefore,  to  the  central  point.  Here,  because  we  are  so  "wide- 
spread, so  far  apart  from  each  other,  and  where,  besides,  we  are  not  so 
frequently  called  to  any  metropolitan  centers  as  are  the  professional  men 
of  England  and  France,  we  shall  find  it  the  more  needful  to  create  this 
other  tie,  and  to  maintain  it  by  a  regular  distribution  of  so  much  of  the 
proceedings  of  the  general  meetings  as  will  be  readable  and  valuable  to 
the  absent  members. 

It  is  not  necessary  that  the  preparation  of  such  papers  as  I  have 
alluded  to  should  fall  onerously  on  the  resident  members,  because  the 
outside  members  may  be  expected  eventually  to  furnish  the  larger  share 
of  such  communications,  they  being  more  numerous  and  having  in 
reality  more  ample  materials  for  that  purijose  and  i^robably  more  leisure, 
but  it  becomes  the  resident  members  to  take  the  initiative  at  this 
moment,  and  to  give  this  working  evidence  of  their  earnestness  in  the 
present  movement  to  revive  the  Society.  There  is  no  one  of  this  last 
class  who  cannot  contribute  something  to  wake  up  our  interest  in  each 
other's  doings,  and  to  draw  forth  those  variations  and  apparent  contra- 
dictions in  practice,  the  knowledge  of  which  enables  us  to  make  every 
step  forward  a  nearer  approach  to  that  absolute  correctness  of  i^erception 
and  action  so  rarely  I'eached  except  through  the  combined  efforts  of 
numerous  minds  plodding  through  long  years  of  independent  practice. 

It  is  not  necessary  that  the  i^apers  which  we  want  should  be  very 
elaborate,  involving  much  time  and  labor,  but  rather  that  they  should 
be  short  and  truthful,  illustrating  some  point  of  professional  difficulty  or 
interest  to  which  the  individual's  attention  has  been  specially  directed. 
Our  failures  in  construction,  where  we  are  at  liberty  to  mention  them, 
will  always  be  of  more  value  to  others  than  our  successes  ;  but  I  say 
thus  much  of  the  character  of  such  papers  only  to  express  my  own  feel- 
ing that  a  plain  statement  of  any  special  point  of  engineering  experience 
will  always  interest  the  Society  and  serve  the  purpose  which  such  j^ajjers 
are  intended  to  satisfy. 

I  will  take  the  liberty  of  repeating  that  the  dissemination  of  such 
papers,  or  abstracts  of  them,  among  the  absent  members  is,  in  my 
opinion,  essential  to  our  continuous  and  successful  existence.  I  hope 
that  every  city  member  will  agree  to  prepare  for  us  something  of  this 


nature,  and  that  steps  will  be  taken  to  draw  similar  communications 
from  such  of  the  non-resident  members  as  are  in  a  position  to  furnish 
them.  We  shall  then  be  able  to  have  something  before  us  at  every 
meeting  this  winter,  even  if  the  general  meetings  should  occur  every 
fortnight,  instead  of  monthly  as  at  present. 

In  regard  to  the  additional  exiJenses  in  printing  which  my  suggestion 
involves,  it  will  be  for  the  Society  to  say  whether  it  is  ready  to  undertake 
it,  with  such  limitations  as  the  circumstances  may  seem  to  require.  I 
trust  that  I  have  said  more  than  enough  already  to  provoke  your  con- 
sideration of  the  points  likely  to  secure  to  the  Institution  that  usefulness 
and  permanency  which  we  all  covet  for  it. 


NOTE  FROM  THE  COMMITTEE 


PAPERS  AND   PRINTING. 


The  accomijanying  short  address,  read  at  the  monthly  meeting  of  the 
4th  December  last,  although  confined  to  a  matter  of  business,  has  been 
ordered  to  be  printed  and  distributed  to  the  members. 

A  perusal  of  the  paper  will  sufficiently  explain  its  object,  which  was, 
in  brief,  to  urge  upon  members  the  necessity  of  rendering  the  meetings 
of  the  Society  attractive,  by  the  preparation  of  professional  papers,  to  be 
read  and  discussed  at  these  meetings. 

If  it  is  desirable  to  have  a  Society  which  shall  represent  the  pro- 
fession, and  further  that  kind  of  intercommunication  which  can  in  no 
other  way  be  so  readily  secured,  it  is  incumbent  on  the  members  to 
render  it  that  kind  of  active  countenance  and  sujjport  without  which  it 
will  soon  cease  to  possess  any  influence,  and  will  become  worthless  as 
regards  any  benefit  derivable  from  a  connection  with  it. 

The  support  alluded  to  includes  especially  contributions  to  its  fund 
of  information,  in  the  form  of  communications  on  professional  subjects. 
It  has  also  in  view  donations  of  maps  and  reports,  especially  when  these 
last  are  accompanied  by  some  manuscript  explanation  or  summary  of 
the  matter  of  the  reports,  whereby  their  drift  can  be  brought  shortly  or 
distinctly  before  the  Society  at  its  regular  meetings. 

A  little  reflection  will  satisfy  every  one  that  a  cheerful  effort  on  the 
part  of  each  member  to  throw  in  the  mite  of  information  within  his 
reach  will  give  Life  to  our  proceedings,  and  render  our  success  certain. 

At  the  meeting  of  the  4th  December,  a  committee  consisting  of  Gen. 
George   S.    Greene,   Col.   J.   W.  Adams,  and   the   Secretary,  Mr.  J.  0. 
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Morse,  was  appointed  to  have  in  charge  the  soliciting  of  such  communi- 
cations, and  to  arrange  for  the  reading  of  them  when  the  writer  could  not 
be  present.  This  committee  will  be  glad  to  hear  from  you  at  your  con- 
venience, through  any  of  its  members,  and  will  arrange  to  bring  before 
the  Society  any  matters  which  you  may  prepare,  should  you  not  be  able 
to  be  present  yourself.  It  begs  that  you  will  freely  communicate  your 
views  as  to  any  particular  matters  of  practice  within  your  experience, 
which  it  will  endeavor  to  meet  either  as  regards  time  or  otherwise. 

GEOKGE  S.  GREENE, 

Chairman. 
Secretary's  Rooms,  12  Chamber 
of  Commerce  Buildings,  cor- 
ner of  William  and    Cedar 
Streets. 
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TRi^]SrSA.CTIONS. 


I. 


DESCRIPTION  OF  A  LINE  OF  LARGE  WATER-MAINS,  LAID 
BY  THE  CROTON  AQUEDUCT  DEPARTMENT  OF  THE  CITY 
OP  NEW  YORK  ;  AND  AN  INQUIRY  INTO  THE  CAUSES 
OF  FAILURE  OF  A  FEW  OF  THEM. 

At  a  regular  meeting  of  the  Society,  liekl  on  the  29th  of  January, 
1868,  the  following  paper  was  read  by  A.  W.  Craven,  Civil  Engineer  : 

The  failure  or  breaking  of  some  large  cast-iron  pij)es  on  the  Croton 
Aqueduct,  during  the  past  season,  was  so  unexpected  at  the  time,  and 
has  given  rise  to  so  much  subsequent  speculation,  that  I  have  thought 
that  a  precise  narrative  of  all  the  facts  thus  far  ascertained  might  not  be 
uninteresting  to  the  society,  and  might,  by  leading  to  furthur  discussion, 
result  in  a  satisfactory  determination  of  the  cause  of  the  failure. 

The  pipes  were  of  unusual  size,  and  the  care  taken  in  filling  them  was 
thought  to  be  all-sufficient;  and,  if  this  failure  of  a  portion  of  them  should 
lead  to  a  better  knowledge  of  the  required  construction  and  proportions 
of  the  castings  the»iselves  and  of  the  manner  of  laying  them,  the  present 
misfortune  will  be  of  great  ultimate  value.  It  is  a  fact,  in  engineering, 
of  very  considerable  importance,  and  I  lay  the  details  before  you,  not 
without  misgivings  as  to  their  clearness,  but  still  with  the  hoi)e  that 
they  may  result  in  some  professional  benefit  to  us  all. 

By  an  Act  of  the  Legislature,  the  Croton  Aqueduct  Board  has  recently 
been  obliged  to  change  tjie  line  of  the  Aqueduct  frotn  near  the  point  of 


its  intersection  with  Ninetieth  street  to  within  a  short  distance  of  the 
influent  gate- house  of  the  old  Receiving  Reservoir. 

The  change  of  the  location  made  necessary  an  alteration,  also,  in  the 
grade  and  character  of  the  conduit.  The  portion  of  the  Aqueduct  thus 
discontinued  was,  like  the  rest  of  the  line,  built  of  masonry,  and  main- 
tained also  the  gently  descending  grade  common  to  the  whole  line,  so 
that  at  no  point  was  there  any  upward  pressure  on  the  arch. 

By  the  change  of  the  location,  however,  the  Aqueduct  was  made  to 
conform  to  the  lines  and  grade-surfaces  of  Ninetieth  street  and  Eighth 
avenue;  the  new  Aqueduct  would,  therefore,  be  below  the  surface  of  these 
streets,  and  be  throughout  its  whole  length  lower  than  at  the  two  ends 
where  it  was  connected  with  the  old  line,  being,  in  fact,  an  inverted 
syphon. 

The  extreme  vertical  depression  between  these  ends  was  14. 5i  feet, 
and  the  general  depression  about  13  feet ;  and  it  was  determined  that, 
under  the  circumstances,  economy  and  safety  called  for  the  laying  down 
of  cast-iron  pipes,  instead  of  constructing  the  new  work  in  masonry. 

Two  lines  of  pipes  were  laid.  Their  interior  diameter  is  6  feet;  their 
thickness  1  inch  and  f .  On  the  tangents  these  pipes  are  in  lengths  of  12 
feet.  On  the  curves,  at  the  intersection  of  the  line  with  Ninetieth  street 
(which  was  a  curve  of  76  feet  radius),  and  that  at  the  corner  of  Ninetieth 
street  and  Eighth  avenue  (radius  85  feet),  the  pijDcs  are  in  lengths  of  6 
feet.  On  the  curve  from  the  Eighth  avenue  into  the  Central  Park  to 
where  the  pipes  strike  the  old  Aqueduct  again,  the  radius  is  200  feet,  and 
the  lengths  are  each  9  feet.  The  pipes  on  all  of 'these  curves  were 
straight,  but  to  enable  us  to  lay  them  more  accurately  in  the  line  of  the 
curves,  and  to  make  more  perfect  joints,  the  spigot  ends  were  bevelled, 
and  the  interior  of  the  hubs  were  made  sufficiently  elliptical  to  cor- 
respond with  the  ends  as  thus  beveljed. 

The  bed  on  which  these  pipes  were  laid  was  varied,  comprising  rock 
excavation,  earth  excavation,  and  embankment. 

The  accompanying  drawings  will  show  the  position  of  these  differing 
foundations. 

Under  each  pipe  were  two  blocks  of  wood,  one  near  the  hub  and  the 
other  near  the  spigot  end,  with  two  wedges  on  each  block,  to  bring  the 
pipe  to  a  uniform  bearing. 

In  the  process  of  covering  the  pipes  care  was  taken,  as  usual,  to  have 
the  earth  well  ramraed  under  and  around  the  sides  below  the  centre,  and 


the  rest  of  the  filling  compacted  in  the  ordinary  manner.  This  covering 
being  partially  completed,  the  water  was  let  into  the  pipes;  and  to  fur- 
nish those  unacquainted  with  the  locality  with  all  the  data  necessary  to 
the  question  involved,  it  seems  proper  to  describe  here  the  exact  con- 
dition of  the  portion  of  the  aqueduct,  including  the  new  work  in  pipes, 
which  was  then  filled. 

At  a  distance  of  500  feet  from  the  commencement  of  the  pipes  near 
Ninetieth  street,  there  is  a  gate-house  called  the  Junction  Gate-House, 
built  on  the  line  of  the  old  conduit,  and  from  which  the  water  is  now  let 
into  the  old  conduit,  and  also  into  a  branch  aqueduct  leading  to  the  New 
Reservoir,  each  conduit  being  controlled  by  separate  gates. 

From  the  lower  end  of  the  pipes,  where  they  again  join  the  old 
conduit  in  the  Central  Park,  to  the  influent  gate-house  of  the  Old  Reser- 
voir, the  distance  is  G55  feet. 

Both  of  these  j^ortions  of  the  old  conduit,  were,  of  course,  empty 
during  the  time  of  laying  the  pipes,  and  at  the  time  now  spoken  of— the 
Old  Reservoir  being  meanwhile  kept  full  by  a  pipe  connection  from  the 
New  Reservoir.  The  length  of  each  line  of  pipes  is  about  2  560  feet,  and 
the  total  distance  between  the  gate-houses  spoken  of  is,  consequently, 
3  815  feet.  In  letting  in  the  water,  previous  experience  had  taught  us 
that  great  care  was  necessary  to  guard  against  the  effects  of  the  ram,  or 
concussion,  so  liable  to  take  place  in  filling  inverted  syphons;  and,  it  was 
thought  that  the  requisite  care  7cas  exercised  in  this  case.  Only  one  of 
the  gates  at  the  Junction  Gate-Hoiise  was  used,  and  was  raised  but  9 
inches.  As  the  gate  raised  was  three  feet  wide,  the  sectional  area  of  the 
opening  was  but  324  inches,  or  2^  square  feet ;  while  the  area  of  the 
conduit  of  masonry  is  53j  feet,  and  the  combined  area  of  the  two  pipes 
56^  feet. 

The  water  in  the  Junction  Gate-House,  behind  the  gates,  stood  at  the 
time  8  feet  8  inches  above  the  bottom  of  the  gate  ;  giving  an  effective 
head  of  8  feet  31  inches. 

Of  the  time  taken  to  completely  fill  the  pipes  and  old  aqueduct,  no 
precise  note  was  taken,  but  it  was  about  3  hours. 

When  the  whole  was  fiUed  to  the  level  of  the  water  in  the  Junction 
Gate-House,  but  before  the  influent  gates  of  the  Old  Reservoir  were 
opened,  the  gate  at  the  junction  was  shut  down. 

In  passing  over  the  line  about  |  of  an  hour  afterward,  it  was  discov- 
ered that  some  of  the  pipes  had  given  way. 


The  water  was  immediately  drawn  oflf,  and  on  examination  it  was  found 
that  out  of  480  pipes,  the  whole  number  in  both  lines,  19  had  been  cracked. 

Excepting  two,  one  of  which  was  3  feet  8  J  inches  and  the  other  8  feet 
9  inches  in  length,  these  cracks  ranged  in  length  from  2  inches  to  2  feet 
9i^  inches,  and  in  width  from  a  merely  perceptible  line  to  about  i  of  an 
inch.  They  were  invariably  in  or  very  near  the  centre  of  the  bottom  of 
the  pipe  and  continued  in  the  centre  quite  closely  for  their  whole  length. 
Excepting  one  which  was  at  the  spigot,  all  of  the  cracks  occurred  at  the 
hub  ends. 

The  question  is,  What  caused  this  failure  ?  It  will  be  seen  by  the 
accompanying  plans  that  the  character  of  the  foundation  is  not  to  be 
considered,  as  the  breaks  occurred  wheu  the  pipes  were  laid  upon  em- 
bankment as  well  as  when  laid  on  rock.  The  i^rofile  here  shown  is  that 
of  the  interior  bottom  of  the  pipes  ascertained  by  a  line  of  levels  run 
immediately,  after  the  water  was  drawn  off.  It  will  be  seen  by  this  pro- 
file that  there  was  at  no  point  where  failure  occurred  any  perceptible 
vertical  deflection,  and  certainly  not  sufficient  to  have  strained  the  pipes 
at  the  joints. 

Was  it  the  sujierincumbent  weight  ?  Examinations  and  some  experi- 
ments were  made  touching  this  theory. 

By  an  accurately  graduated  gauge,  measurements  were  taken  of  the 
interior  vertical  and  horizontal  diameters  of  every  fourth  pipe  on  each 
line — both  of  these  measurements  taken  at  the  same  point,  and  the  dif- 
ferences noted.  In  such  of  the  pipes  as  were  broken,  these  measurements 
were  taken  twice;  the  first  series  while  the  embankment  still  rested  on 
them,  and  the  second  after  the  pipes  were  uncovered,  and  thus  freed  from 
any  load. 

By  the  note-book  it  will  be  seen  that,  exclusive  of  the  pipe  which  was 
cracked  for  nearly  its  whole  length,  the  maximum  difference  between  the 
vertical  and  horizontal  diameters  of  the  18  pipes  broken,  taken  when 
covered  and  at  the  hub  ends,  was  1.67  inches  ;  the  minimum  too  of  an 
inch,  and  the  average  i^oVo  inch  ;  elongation  of  horizontal  diameter  was 
therefore  -j^uVo  -r-  2  =  roVo  of  an  inch. 

Of  the  461  pipes  not  broken,  the  maximum  difference  was  1-iVtr  inches, 
the  minimum  nothing,  and  the  average  -i'\,Vo  5  elongation  of  horizontal 
diameter  was  conseqiiently  -tVoV  inches. 

The  experiments  bearing  on  the  question  of  superincumbent  weight 
were  made  as  follows  : 


First. — Two  lengths  of  new  pipe,  merely  laid  upon  the  open  ground 
uncovered  and  unconnected,  were  measured,  to  ascertain  the  elongation 
of  the  horizontal  diameter,  caused  by  their  own  weight  alone.  In  each 
pipe  measurements  were  first  made  of  the  horizontal  and  vertical  diame- 
ters, both  at  the  spigot  and  hub  end.  Each  pipe  was  then  rolled  over  90 
degrees  of  its  circumference,  so  that  what  was  before  the  vertical  was 
now  the  horizontal  diameter.  The  greatest  difference  in  the  hub  ends 
shown  was  y^  of  an  inch,  and  in  the  spigot  end  -^^  of  an  inch. 

You  will  see  by  the  notes  that  the  differences  in  the  diameters  of  pipe 
No.  23  (broken),  while  covered,  was  at  the  hub  only  xiu  of  an  inch,  and 
at  the  spigot  it  was  iViT- 

Three  joints  of  pipe  were  then  put  together,  supported  on  blocks, 
the  joints  caulked,  the  earth  rammed  under  and  around  them,  and  the 
covering  filled  in  above  them  ;  in  all  these  particulars  the  work  being 
similar  to  that  in  laying  the  lines  of  pipes  in  question,  but  the  covering, 
or  load,  was  carried  to  a  much  greater  extent. 

The  centre  pipe  (12  feet  long)  was  loaded  in  the  manner  shown  in  the 
accompanying  diagram.  The  calculated  weight  upon  it  was  7.36  tons 
per  linear  foot  for  its  entire  length.  This  pipe  being  measured  be- 
fore being  loaded,  the  difference  between  its  horizontal  and  vertical 
diameters  was  -,Vo\r  of  an  inch  ;  when  loaded,  the  difference  was  -^^^o  (J) 
of  an  inch,  or  an  elongation  of  the  horizontal  diameter  of  |  of  an 
inch. 

The  greatest  load  upon  any  broken  pipe,  calculating  both  the  filling 
and  the  weight  of  the  water,  was  but  4.05  tons  per  linear  foot,  the  excess 
of  load  in  the  experiment  was  therefore  3.31  tons  or  nearly  double. 

Moreover  the  tendency  of  excessive  superincumbent  weight  would 
(excepting  in  very  peculiar  situations)  be  to  break  the  pipe  at  or  near  its 
horizontal  diameter,  which,  taken  in  connection  with  the  results  of  the 
experiments  and  examinations  made,  would  seem  to  show  that  this  theory 
is  not  sustained  by  anything  yet  developed. 

It  should  not,  however,  escape  observation  and  thought,  that  the 
conditions  of  the  pipe  urder  the  experiment  just  described  and  those 
broken  in  the  line  of  the  work  may  have  been  different  in  regard  to  the 
load.  In  both  cases  it  was  intended  that  the  earth  should  be  rammed 
under  and  aroiand  the  lower  half  of  the  pipes  so  as  to  ensure  an  uniform 
bearing  for  their  entire  length,  and  thus  prevent  any  pipe  from  resting 
its  whole  weight  solely  on  two  points,  viz. :  the  blocks  at  each  end.     It 
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might  be,  however,  that  this  was  well  done  under  the  pipes  experimented 
upon  and  imperfectly  done  under  those  broken  in  the  line. 

In  the  absence  of  positive  proof,  I  have  assumed  that  the  Inspectors 
tried  to  do  their  duty  in  this  particular,  and  that  in  most  cases  the  pipes 
were  properly  supported  by  ramming. 

Should  it  have  been,  however,  that  the  pipes  in  the  experiment  were 
jaerfectly  supported  and  the  others  not,  the  weight  on  the  blocks  at  the 
hubs  (the  point  where  the  failure  occurred)  would  be  for  the  9  feet  pipes 
ISiVo'  tons,  and  in  the  6  feet  pijies  IC-iV^  tons  on  each  point  of  support,  the 
blocks  being  4  feet  apart,  2  feet  on  eacli  side  of  the  hub. 

Was  it  owing  to  i^revious  straining  of  the  hubs  from  excessively  bard 
caulking  ? 

In  our  experience,  pipes  have  been  broken  under  the  strain  of  the 
caulking,  but  it  occurs  so  seldom  that  it  seems  unreasonable  to  assume 
that  in  this  case  so  many  as  I'J  instances  should  be  afforded.  Experiment 
was  made  on  this  point,  but  in  the  pipe  tested  it  was  found  impossible  to 
break  the  hub  by  the  use  of  any  caulking  hammer  in  our  possession. 

After  the  lead  joint  was  set  up  as  firmly  as  it  was  possible  to  drive  it, 
iron  wedges  were  driven  into  the  joints  with  heavy  hammers,  but  without 
breaking  the  pipe. 

Of  course  there  is  great  difference  in  strength  of  iron  pipes,  even 
when  made  of  the  same  metal,  arising  from  imiierfections  in  the  casting, 
difference  in  the  shrinkage  Avhile  cooling,  &c.  But  the  strain  jjut  upon 
the  hub  tested  was  so  far  in  excess  of  that  in  the  ordinary  caulking  of 
pipes  as  to  seriously  impair  the  soundness  of  this  theory.  Besides,  one 
was  broken  in  the  spigot  end,  where  the  caulking  would  operate  to 
strengthen  rather  than  to  strain  the  pipe  too  near  the  breaking  point. 

Was  the  failure  owing  to  the  weight  of  water  in  the  pipes  acting 
directly  upon  the  curves  in  the  lines  which  were  upon  a  descending 
grade,  and  tending  to  move  the  i^ipes  bodily  out  of  their  original  place  ? 
One  answer  to  this  may  be  found  in  the  fact  that  the  pipes  on  the  curves 
or  immediately  next  them  would  be  the  only  ones  affected  by  this  force, 
whereas  the  cracks  were  not  confined  to  the  curves,  but  occurred  on  the 
tangents,  aud  oven  at  points  the  most  removed  from  the  curves. 

Again,  this  foi'ce  would  act  more  powerfully  as  the  radius  of  the  curve 
diminished. 

Out  of  the  V.)  jjipes  broken,  9  were  on  the  lower  curve  near  the  Old 
Reservoir,  a  curve  of  200  feet  radius,  and  a  distance  of  314  feet,  while  on 


the  upper  curve  at  Ninetieth  street,  76  feet  radius,  and  au  arc  of  119.38 
feet,  but  one  break  occurred,  and  on  the  central  curve.  Ninetieth  street 
and  Eighth  avenue,  the  radius  being  85  feet,  and  the  arc  133.52,  feet  no 
break  whatever  occurred.     9  of  the  breaks  occurred  on  the  tangents. 

Moreover,  it  seems  hardly  possible  that  the  weight  of  water  was  suf- 
ficient to  move  out  of  place  so  immense  a  load  as  was  represented  by  these 
pipes  filled  with  water  and  covered  with  compacted  earth. 

"Was  the  failure  caused  by  the  ram  or  hammer  of  the  water  when  its 
flow  was  suddenly  checked  ? 

The  precise  power  of  Avhat  is  called  a  ram  in  water-pipes,  can  very 
seldom  be  determined,  because  in  all  cases  it  is  extremely  difficult,  and 
in  most  cases  absolutely  impossible,  to  determine  the  velocity  of  the 
water  at  the  moment  its  flow  is  checked.  We  know  from  experience  that 
it  has  often  proved  sufficient  to  break  the  pipes,  but  how  much  greater 
than  the  necessary  force  existed  at  the  time  is  seldom  ascertained.  The 
want  of  precision  in  data,  therefore,  makes  this  question  one  always  dif- 
ficult to  investigate,  and  in  the  case  before  us,  the  difficulties  are  by  no 
means  less  than  usual  ;  but  I  think  there  are  one  or  two  facts  which  were 
noted  at  the  time  and  which  help  us  in  discussing  the  question  whether 
the  failure  of  these  pipes  is  to  be  ascribed  to  the  ram. 

It  has  been  shown  that  the  distance  between  the  two  gate-houses,  or 
the  length  of  pipe  and  conduit  filled,  was  3  715  feet. 

To  fill  this  space  it  took  206  534  cubic  feet  of  water .  The  time  taken 
in  filling  is  assumed  to  be  three  hours. 

The  average  velocity,  therefore,  of  the  flow  of  water  through  the  gate, 
into  the  conduit  and  pipes,  must  have  been  8^  feet  per  second. 

It  has  been  ascertained  very  positively  that  when  the  water  w^as  shut 
off,  or  the  gate  was  closed  at  the  Junction  Gate-Hoixse,  the  water  rose  in 
the  influent  gate-house.  Old  Reservoir  (from  which  there  was  no  effluent 
gate  open  at  the  time),  a  height  of  nine  inches  above  the  point  to  which 
it  would  be  in  a  state  of  perfect  rest. 

The  space  in  which  the  water  is  visible  in  this  Gate-House  is  a  cham- 
ber or  back-bay  about  10  feet  square.  The  whole  surface  of  water  in 
this  chamber  was  observed  to  rise  uniformly  and  quietly,  and  without 
any  very  marked  superficial  disturbance,  to  the  heiglit  stated,  and  then 
subside  with  equal  uniformity  below  the  point  of  rest.  This  rise  and  fall 
was  repeated  several  times.  No  note  was  taken  of  the  time  occupied  in 
each  pulsation,  but  the  motion  was  distinctly  visible  both  when  the  water 
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was  rising  and  when  receding.  It  could,  therefore,  not  have  been  more 
than  a  few  minutes  in  any  one  case,  and,  from  what  I  could  ascertain 
from  the  witness,  the  first  rise  an  I  fall  did  not  occupy  many  seconds. 

Here,  then,  seems  to  be  positive  evidence  of  a  recession  or  reflux  of 
the  whole  body  of  water  following  immediately  upon  shutting  off  the 
inlet  at  the  upper  gate-house. 

To  what  distance,  and  with  Avhat  comparative  force  or  velocity  this 
reflux  was  carried,  we  have  no  means  of  judging. 

To  what  extent  there  was  any  disturbance  from  this  cause  in  the  upper 
or  Junction  Gate-House,  we  do  not  know,  for  the  superintendent  left  that 
building  within  a  few  minutes  after  the  water  was  shut  off,  without 
noting  any  disturbance  in  the  surface  at  that  point,  but  that  the  vast 
body  of  water  in  the  pipes  was  in  motion  at  the  lower  end,  and  that  this 
motion  must  have  been  transmitted,  to  a  greater  or  less  degree,  through- 
out the  whole  length  of  the  pipes,  seems  certain.  The  distance  from  the 
south  Gate-House,  the  point  at  which  the  flow  of  the  column  of  water 
was  checked,  to  the  lower  or  nearest  end  of  the  jiipes  or  syphon,  was  655 
feet ;  the  distance  from  this  point  to  the  nearest  pipe  broken  was  117  feet. 

The  bottom  of  this  pipe  was  4. 78  below  the  bottom  of  that  part  of  the 
aqueduct  just  spoken  of.  The  weight  of  the  water  which,  at  the  time  of 
its  recession,  was  in  this  length  of  conduit  and  pipe  combined,  was  1  070 
tons. 

It  would  require  but  very  slight  velocity,  with  siach  a  weight,  to  bring 
a  very  great  strain  upon  the  whole  length  of  the  pipes. 

If  there  was  any  ram  at  all  (as  there  is  good  reason  to  sujipose), 
it  must  have  been  sufficient,  with  other  causes  which  I  will  speak  of 
presently,  to  have  produced  the  failure. 

The  fact  that  of  the  19  pipes  broken,  9  were  within  a  space  of  250 
feet  of  each  other  at  the  lower  end  of  the  line,  where  the  shock  of  this 
ram  would  have  been  first  felt  and  partially  expended,  would  go  to 
strengthen  the  theory  that  it  was  to  this  cause  the  failure  was  due. 

The  bottom  of  the  furthest  one  of  these  pipes  was  12  feet  below  the 
grade  of  the  aqueduct  at  its  junction  with  the  pijjes,  and  as  the  interior 
height  of  the  aqueduct  is  2  feet  5  inches  greater  than  that  of  tbe  piiDes,' 
the  head  upon  the  latter  at  this  point  was  1-1  feet  5  inches. 

The  other  causes  to  which  I  alluded  as  aiding  to  break  the  pipes  I 
have  not  connected  specially  with  any  of  the  theories  suggested,  because 
they  may  have  been  common  to  all. 


11 

It  is  the  possibility  that  the  jiipes  broken  had  been  strained  too  near 
the  breaking  point  by  shrinking  at  the  time  of  casting,  and  that  this 
strain  had  been  further  increased  by  the  caulking. 

From  the  shrinkage  alone  the  pipes  might  have  been  in  such  a  con- 
dition as  to  be  unable  to  bear  any  further  strain,  and,  perhaps,  in  the 
two  combined  may  be  found  a  solution  of  the  question  involved,  quite 
as  i^robable  as  any  other  which  has  been  suggested. 

Whatever  be  the  real  cause  of  this  failure,  I  am  convinced  that  if 
large  pipes  must  in  any  case  be  used,  an  alteration  should  be  made  in 
their  shape  and  dimensions. 

If  again  obliged  to  use  pipes  of  this  calibre  under  similar  circum- 
stances, I  would  increase  the  thickness  to  two  inches.  This  would  dimin- 
ish the  chance  of  injury  during  the  cooling  of  the  metal.  I  think,  also, 
that  in  pipes  of  very  large  size,  additional  security  would  be  ensured  by 
dispensing  with  the  hub  or  bell  ends,  and  using  sleeves  as  the  means  of 
making  the  joints. 

I  present  herewith  drawings  of  the  hub  of  the  pipes  as  cast,  and  of 
sleeves  used  in  the  repairs. 
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BLASTING  WITH  NITRO-GLYCERINE. 

A  Paper  head  befokk  the  Society  Ith  March,  1868,  by  Edward  P. 
North,  Crviii  Engineer. 


I  have  been  led  to  introduce  to  your  notice  the  subject  of  this  paper 
(Nitro- Glycerine,  or  Nobel's  Blasting  Oil),  because  its  application  to 
blasting  is  comparatively  new,  aud  consequently,  not  generally  known. 
As  over  three-fourths  of  a  ton  has  been  used  on  the  New  Canaan  Kail- 
road,  of  which  I  am  now  in  charge,  I  may,  perhaps,  be  able  to  convey 
some  ideas  of  information  and  interest.  I  have,  however,  to  regret  that 
no  accurate  accounts  of  the  comparative  cost  of  quarrying  with  powder 
and  nitro-glycerine  have  been  kept  on  this  road,  and  that  I  can  only  give 
impressions  as  to  the  cost.  It  may  be  as  well  here  to  give  a  little  sketch 
of  nitro-glycerine,  and  to  comj^are  it  with  i)owder  and  gun-cotton. 

Gunpowder  is  composed  of  a  variable  quantity  of  nitrate  of  potassa, 
sulphur,  and  carbon  (charcoal),  the  nitrate  of  potassa  being  replaced  in 
cheap  powder  by  nitrate  of  soda.  Some  Prussian  sporting  powder 
analysed  by  Prof.  Bunsen,  of  Heidelberg,  contained  : 

Nitrate  of  potassa KG,  NO^ 78.99 

Sulphur S 9.84 

Carbon ^  C i  7.69 

Hydrogen j-H -|  0.41 

Oxygen JO (  3.07 


100.00 

On  burning  it,  he  found  remaining  as  residue 68.06 

And  the  gas  amounted  to 31.38 

99.44 
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The  residue  consisted  of 


Sulphate  of  potassa KO,  SO^ 42.27 

Carbonate         "       KO,  CO'- 12.64 

Hyposulphite"       KO,  S2,  O2 3.27 

Sulphide  of  potassium KS 2. 13 

Sulpho-cyanide  of  potassa K  Cy,  So ' 0-30 

Nitrate  "       "       ....KO,  NO^ 3.72 

Sulphur S 0.14 

Carbon C 0.73 

Carbonate  of  ammonia NH*,  O,  CO- 2.86 


Kesidue 68.06 

The  gas  consisted  of  : 

Nitrogen N 9.98 

Carbonic  acid  CO^ 20.12 

Carbonic  oxide CO 0.94 

Hydrogen H 0.02 

Hydro-sulphuric  acid H,  S 0.18 

Oxygen O 0.14 


31.38 


Gun-cotton  was  discovered  by  Prof.  Schonbein,  about  1846,  and  its 
manufacture  was  almost  immediately  commenced,  but  never  with  finan- 
cial success  till  lately.  It  is  now  being  made  in  England  by  Prof.  Abel 
and  Messrs.  Thomas  Prentice  &  Sons,  a  very  interesting  account  of 
whose  process  can  be  found  in  the  last  volume  of  "  Engineering,"  pages 
408,  431,  and  407. 

Nitro -glycerine  was  discovered  in  1846,  by  Sobrero,  but  nothing  was 
done  with  it  till  1863,  when  Alfred  Nobel  iiatented  its  application  to 
blasting.  Gun-cotton  and  nitro-glycerine  are  made,  the  one  from 
cotton  and  the  other  from  glycerine,  treated  with  nitric  and  sulphuric 
acid,  the  action  of  the  sulphuric  acid  being,  in  each  case,  to  intensify  the 
action  of  the  nitric.  In  the  case  of  gun-cotton,  cotton  which  has  a 
formula  of  Cio,  Hjo,  Oio.  is  dipped  into  a  mixture  of  three  parts  of 
sulphuric  acid  and  one  of  nitric  acid,  by  weight.  Some  of  the  oxygen  in 
nitric  acid  goes  to  the  hydrogen,  forming  water,  and  the  formula  stands 
Cio,  H7,  3  (NO4),  Oio4-6HO,  three  parts  of  the  hydrogen  in  the  cotton 
being  replaced  by  three  parts  of  nitrous  acid.  On  its  explosion,  it  is  all 
resolved  into  gases,  namely  : 
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By  volume.  By  weight. 

Carbonic  oxide CO 28.95 29.97 

acid C02 20.82 33.86 

Light  carburetted  hydrogen.  .C^,  H* 7.24 4.28 

Hydrogen H 3.16 0.24 

Nitrogen N 12.67 13.16 

Carbon C 1.82 1.62 

Steam HO 25.34 16.87 


100.00  100.00 

Leaving  no  residue.  As  to  its  relative  strength,  the  article  in  "Engi- 
neering "  already  referred  to  says  it  is  ten  times  stronger  than  powder. 
According  to  Von  Lenk,  in  blasting,  one  i3ouud  of  gun-cotton  is  equal  to 
6.274  pounds  of  powder.  According  to  a  commission  ai^pointed  by  the 
French  government,  the  explosive  power  of  gun-cotton  depends,  in  a 
measure,  on  the  degree  of  compression,  and,  in  the  mean,  is  about  three 
times  that  of  gunpowder.  When  uncompressed,  it  will  burn  more  freely 
than  gunpowder,  but  by  compression  its  rate  of  burning  can  be  brought 
below  that  of  gunpowder. 

Gun-cotton,  according  to  Prof.  Abel,  when  well  made,  can  be  kept 
for  a  long  time  without  undergoing  change,  and  can  be  transported  as 
safely  as  powder ;  but  when  impure  and  acid,  a  gradual  decomposition 
takes  place,  the  result  of  which  is  an  explosion. 

Nitro-glycerine  is  made  by  treating  glycerine,  which  has  the  formula 
Co,  H5,  N3,  O18,  with  nitric  and  sulphuric  acids,  as  in  the  case  of 
cotton,  and  the  chemical  reactions  are  nearly  the  same,  it  being  in  both 
a  ease  of  the  substitution  of  nitrous  acid  for  a  part  of  the  hydrogen.  By 
explosion,  according  to  an  article  in  the  London  Mechanics'  Magazine, 
September,  1857,  one  volume  of  oil  is  converted  into  429  volumes  of 
carbonic  acid,  554  volumes  of  steam,  39  volumes  of  oxygen,  and  236 
volumes  of  nitrogen — 1,298  volumes  in  all,  for  one  volume  of  liquid  oil, 
being  thus  theoretically,  five  times  more  effective  than  its  bulk  in  gun- 
powder ;  but  by  the  greater  amount  of  heat  generated  by  the  explosion, 
and  the  consequent  higher  tension  of  the  gases,  it  is  really  thirteen  times 
more  effective  by  bulk,  and  eight  times  by  weight,  than  the  same.  The 
United  States  Blasting  Oil  Company,  in  a  pamphlet  published  by  them, 
assert  that  nitro-glycerine  has  thirteen  times  the  strength  of  powder  by 
volume,  and  ten  times  by  weight.  It  is  a  lightish,  yellow,  oily  liquid, 
with  a  specific  gravity  of  1.6,  nearly  insoluble  in  water,  not  volatile, 


16 

taking  fire  at  360°  P.,  and  freezing  at  from  40°  to  36°  F.  When  impure 
and  acid,  it  decomposes  spontaneously,  with  an  escape  of  gas  and  the 
formation  of  oxalic,  C4,  Og,  2H0,  and  glyceric,  Ce,  Hg,  Og,  acids. 
Under  these  circumstances  it  is  liable  to  explode. 

My  attention  was  first  called  to  the  use  of  nitro-glycerine  by  the  fact 
that  our  contractor,  Lawrence  W.  Myers,  was  losing  money,  on  account 
of  the  extreme  hardness  of  the  rock  in  one  cut,  and  its  wetness  in 
another.  As  I  advised  the  use  of  nitro-glycerine,  I,  of  course,  took  a 
great  deal  of  interest  in  its  success,  loading  and  firing  a  great  many  of 
the  holes  myself.  I  will  give  a  sketch  of  the  circumstances  and  results 
as  they  appeared.  In  one  cut,  which  in  its  deepest  part  was  about  12 
feet,  the  rock  was  mostly  feldspar  and  mica,  in  large  crystals  ;  but  it  was 
very  wet,  springs  forcing  themselves  up  through  the  bore-holes,  so  that 
they  could  not  be  puddled.  Here  the  fact  that  nitro-glycerine  was 
entirely  unaffected  by  water  rendered  it  particularly  valuable.  The 
mode  of  procedure  was  this  :  A  single  hole  was  put  down  to  grade  about 
the  centre  of  the  cut,  a  foot  or  two  further  back  from  the  face  than  the 
depth  of  the  cutting,  so  as  to  have  the  line  of  least  resistance  a  vertical 
one  ;  from  five  to  eight  pounds  of  nitro-glycerine  were  j^oured  in.  A  tin 
cartridge  about  four  inches  long,  and  three-fourths  in  diameter,  filled 
with  powder,  into  which  a  waterproof  fuse  was  introduced,  was  put  into 
the  nitro-glycerine,  and  the  hole  filled  with  water.  These  charges  were 
very  efi"ective,  in  some  instances  loosening  over  100  cubic  yards,  so  that 
it  could  be  readily  barred  out,  while  that  immediately  around  the 
charge  was  burned  to  a  soft  white  powder.  The  quarymen  said  it  had 
turned  to  lime.  About  50  per  cent,  of  the  rock  was  usually  so  fine  as  to 
be  readily  thrown  into  carts  without  sledging  or  block-holing,  while 
that  furthest  from  the  charge  was  in  masses  of  two  or  three  cubic  yards. 
In  the  other  cut,  which  for  about  50  feet  was  21  feet  deep,  and  con- 
tained about  8,000  cubic  yards,  the  rock  was  very  hard  feldspar  and 
quartz,  so  that  sometimes  drills  were  used  up  faster  than  one  to  an  inch. 
In  this  cut  it  was  found  better  to  have  the  line  of  least  resistance  a  hori- 
zontal one.  There  was  no  grain  to  this  rock,  it  not  splitting  or  breaking 
more  readily  in  one  direction  than  another.  This  cut  was  worked  from 
both  ends,  one  foreman  using  small  holes,  and,  of  course,  more  of  them, 
while  the  other  sank  his  holes  in  the  centre,  nearly  to  grade,  and  tried 
to  throw  out  the  cut  at  one  shot.  Though  the  plan  of  single  holes  was 
not  always  successful,  still,  on  the  side  on  which  it  was  tried,  there  was 
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an  economy  of  about  10  per  cent,  in  labor  per  yard  moved,  and  a  slight 
loss  in  the  quantity  of  rock  per  month,  whicli  latter  item  I  think  due  to 
the  fact  that  too  much  was  put  before  the  single  holes,  as  the  rock  in  the 
face  of  the  cut  was  sometimes  in  masses  of  5  or  6  cubic  yards,  requiring 
block-holing. 

As  this  cut  was  perfectly  dry,  and  water  had  to  be  broiight  from  some 
distance,  water-tamping  was  dispensed  with.  The  same  cartridges  were 
at  first  used  as  in  the  wet  cut,  only  the  fuse  was  cut  off  short,  and  they 
were  dropped  into  the  hole  after  being  lighted.  This  was  found  objec- 
tionable, as  there  being  nothing  to  confine  the  gases  generated  by  the 
explosion  of  the  powder,  they  would  sometimes  fail  to  produce  either 
heat  or  concussion  enough  to  explode  the  nitro-glycerine,  though  they 
would  ignite  it  and  cause  it  to  boil  and  smoke  till  sometimes,  after  about 
ten  minutes,  the  glycerine  would  either  go  out  or  go  oif,  which  produced 
a  delay,  as  the  men  did  not  like  to  go  and  drop  in  atoother  cartridge. 
A  large  copjjer  cap,  known  as  Nobel's  patent  cap,  that  fitted  closely  over 
the  end  of  the  fuse,  and  contained  percussion  powder,  was  also  us3d,  but 
failed  for  lack  of  power  or  heat.  The  plan  finally  adopted  was  to  pour 
in  the  glycerine,  and  then  put  down  a  light  wad  of  hay  or  dry  grass,  on 
which  some  powder  was  poured,  with  which  the  fuse  was  connected. 
The  hole  was  then  fiUed  with  loose  sand  and  fired.  After  having  seen 
many  holes  fired  with  and  without  tamping,  I  doubt  if  tamping  is  of 
much  more  use  than  to  ensure  the  explosion  of  the  glycerine. 

The  United  States  Blasting  Oil  Company,  in  the  pamphlet  already 
referred  to,  recite  as  one  of  the  advantages  accruing  from  the  use  of 
nitro-glycerine,  that  smaller  holes  can  be  used,  which,  I  think,  is  poor 
economy,  unless  it  be  in  exceptional  cases  ;  that  it  is  better  to  have  the 
hole  large,  so  that  the  charge  of  glycerine  can  be  in  as  compact  a  posi- 
tion as  possible. 

The  efi'ect  of  nitro-glycerine  difi'ers  from  that  of  powder  in  conse- 
quence,  I  suppose,  of  its  greater  force  and  quickness  of  explosion,  in 
that,  that  powder,  when  fired,  where  the  line  of  least  resistance  is  a  ver- 
tical one  (the  bore  also  being  vertical,  and  the  rock  homogeneous),  will 
form  a  tolerably  uniform  crater,  with  the  sides  sloping  according  to  the 
hardness  of  the  rock.  When  the  line  of  least  resistance  is  a  horizontal 
one,  and  not  too  long,  the  rock  being  solid,  the  rock  will  throw  out  what 
is  before  it,  leaving  the  back  uncracked,  and  no  sign  of  action  below  the 
bottom  of  the  hole. 
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Nitro-glycerine,  on  the  contrary,  in  the  first  case,  will  form  a  well, 
and  if  the  rock  is  not  too  hard,  the  bottom  diameter  will  be  greater  than 
the  top.  Nor,  as  far  as  I  have  seen,  will  the  action  ever  be  concentrated 
on  the  line  of  least  resistance,  bat  will  extend  back  from  the  hole  and 
downward  to  a  greater  or  less  distance,  according  to  the  hardness  of  the 
rock.  I  think  that  this  action  of  nitro-glycerine,  in  connection  with  the 
fact  that  its  explosive  force  is  uninfluenced  by  the  presence  of  water, 
will  tend  to  its  being  the  only  explosive  agent  used  in  all  subaqueous 
operations  ;  for  with  any  depth  of  water,  it  will  be  unnecessary  to  drill 
holes,  only  to  sink  a  flask  of  nitro-glycerine  on  to  the  rock  and  fire  it. 

The  harder  or  wetter  rock  is,  the  greater  will  be  the  profit  of  nitro- 
glycerine over  powder,  and  though  I  think  the  old-fashioned  way  of 
squibbing  holes,  and  then  using  heavy  charges  of  slow-burning  powder, 
is  the  best  for  blasting  hard-pan  or  j^artially  indurated  clays,  I  think  for 
slate,  or  anything  harder  than  that,  there  will  always  be  a  saving  of  money 
in  the  use  of  nitro-glycerine,  besides  a  great  saving  of  time. 

Mr.  Meyers,  our  contractor,  who  has  had  a  great  deal  of  experience 
in  blasting  ojjerations,  says  that  in  hard,  dry  ledges,  he  thinks  full 
double  speed  could  be  made  with  glycerine  than  with  powder,  and  in 
wet  ledges  fully  four  times  the  speed  with  the  same  force  of  men ;  for 
besides  a  less  number  of  holes  being  required,  there  is  no  necessity  for 
puddling  the  holes  or  water -proofing  the  blasting  charge  of  powder,  and 
a  hole  can  be  loaded  and  fired  in  much  less  time  with  nitro-glycerine 
than  with  powder  ;  and  as  a  matter  of  economy,  he  would  prefer  to  pay 
^1  12 i  per  pound  for  nitro-glycerine,  to  having  powder  given  to  him  for 
hard,  dry  ledges,  or  to  having  f  10  per  keg  given  to  him  for  all  the 
powder  he  would  use  in  blasting  wet  ledges.  He  also  thinks  nitro- 
glycerine much  safer  than  pcjwder.  From  the  fact  that  nitro-glycerine 
explodes  with  so  much  violence  that  it  would  burst  any  cannon,  its 
strength  cannot  be  ascertained  as  that  of  powder  can,  and  I  think  it  will 
be  difficult  to  arrive  at  any  exact  measui'e  of  its  strength.  I  can,  how- 
ever, give  one  or  two  examples.  I  once  put  a  little  over  a  pound  of 
glycerine  in  a  hole  (in  the  hard  ledge  above  mentioned),  two  inches  in 
diameter,  that  was  18*  feet  deep,  and  22  feet  from  the  face  of  the  cut  at 
the  bottom  of  the  hole.  This  charge  was  fired  without  any  tamping  over 
it.  It  made  a  crack  about  8  inches  long  on  the  surface,  that  ran  down 
the  hole  as  far  as  I  could  see,  and  cracks  were  made  in  the  face  of  the 
rock  so  that  smoke  was  blown  out  of  them.     I  afterward  put  23  pounds 
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of  glycerine,  as  nearly  as  I  could  measure,  in  the  same  hole,  poured  in 
some  powder,  and  filled  the  hole  Avith  dry  sand.  210  cubic  yards  of 
rock  wei-e  loosened,  so  that  it  was  mostly  barred  out,  though  some  masses 
required  block-holing,  but  the  quantity  mentioned  was  removed  Avithout 
any  large  blast,  and  the  back  of  the  cut  was  left  Avell  shattered  for  the 
next  blast.  If  nitroglycerine  is  used  in  the  city,  the  blasts  should  be 
well  covered,  for  a  house  standing  about  1  200  feet  from  the  cut,  and  on 
somewhat  higher  ground,  had  a  stone  come  through  the  roof,  apparently 
falling  vertically  ;  and  the  men  always  went  about  400  feet  from  the 
blast,  and  often  had  to  dodge  at  that. 

In  regard  to  the  relative  safety  of  gunpowder,  gun-cotton,  and  nitro- 
glycerine, I  think  the  last  named  is  the  safest  agent.  I  do  not  wish  to 
be  understood  to  underrate  the  disastrous  effects  that  would,  probably, 
and  have  occurred  from  an  accidental  explosion  ;  only  to  say  that  I 
thiuk,  with  properly  made,  unfrozen  nitro-glycerine,  the  cans  jiacked  in 
plaster  of  Paris,  as  the  law  requires,  it  is  safer  than  powder.  I  speak  of 
its  being  unfrozen,  because  during  the  use  of  it  on  this  road,  from  last 
September  until  the  middle  of  January,  the  only  instance  in  Avhich  any 
glycerine  was  exploded  without  the  aid  of  jjowder  was  a  small  frozen 
piece  that  was  crushed  between  two  stones.  Nitro-glycerine  was  jjlaced 
in  the  hands  of  six  different  foremen,  and  by  them  in  the  hands  of  the 
men;  was  carried  unj^rotected  in  sixty-pound  cans  up  and  down  the  line, 
frozen  and  unfrozen,  in  dump  carts  ;  and  was  generally  treated  with  the 
recklessness  with  which  Irishmen  treat  powder.  And  as  blasting  mate- 
rial is  usually  used  on  roads,  it  must  be  the  safest  of  the  three  ;  for  as 
there  is  no  necessity  of  any  tamping  but  water-tamping,  if  a  charge  miss 
fire,  there  is  no  solid  tamping  to  cut  out — at  the  danger  of  the  driller's 
life — as  with  powder.  For  if  water  has  been  used,  another  cartridge  can 
be  dropped  in  in  a  minute  ;  or  if  sand  has  been  used,  a  portion  of  it  can 
be  scrajjed  out,  and  a  small  charge  of  glycerine  jsoured  in  and  fired  on 
top  of  the  old  charge.  Besides  which,  gun-cotton  will  ignite  and  ex- 
plode not  only  from  a  light  spark,  but  from  a  llame,  thus  making  it  the 
most  'dangerous  of  the  three  ;  while  powder,  though  it  cannot  be  ignited 
without  the  aid  of  a  spark,  or  something  red-hot,  can  be  ignited  by  any 
spark,  such  as  one  flying  from  drills  or  from  rocks  falling  ;  and  nitro- 
glycerine cannot  be  exploded,  even  if  ignited,  unless  confined,  and  in 
that  case  a  spark  could  hardly  reach  it. 

I  will  now  read  from  the  pamphlet  already  referred  to  : 


20 

Experiments  made  at  Stockholm,  2%th  September,  1865. 

First  Trial. — A  quantity  of  nitro-glycerine  was  poured  on  a  flattened 
stone  ;  a  red-hot  iron  bar  was  then  made  to  wear  along  the  surface  of  the 
nitro-glycerine  without  igniting  it,  and  finally  placed  into  the  blasting 
oil,  spread  on  the  stone,  which,  after  being  warmed,  jjartly  took  fire,  and 
burned  with  a  flame,  but  without  exploding.  After  removing  the  iron 
bar,  some  undecomposed  oil  remained  on  the  stone. 

Second  Trial. — A  cavity  in  a  stone  was  filled  with  nitro-glycerine  ;  a 
burning  wood  shaving  was  introduced,  and  on  stirring  it,  the  nitro- 
glycerine burned  with  a  flame,  but  without  exploding.  The  combustion 
ceased  as  soon  as  the  shaving  was  consumed. 

Third  Trial. — Several  glass  bottles  were  filled  with  nitro-glycerine  ; 
these  bottles  were  thrown  with  great  force  from  a  height  against  a  rock 
below.  The  bottles  were  shattered,  but  without,  however,  exploding  the 
oil. 

Fourth  Trial. — On  the  suggestion  of  some  of  the  gentlemen  present, 
who  desired  that  the  i^receding  trial  should  be  repeated  with  the  nitro- 
glycerine warmed  to  more  than  ordinary  temperature,  three  bottles 
filled  with  this  agent  were  heated  in  warm  water  to  50  deg.  Celsius,  or 
120  deg.  Fahrenheit.  These  bottles,  thrown  with  great  force  against 
the  rocks,  shattered  likewise,  without  causing  an  explosion  of  the  blast- 
ing oil. 

Fifth  Trial. — A  cartridge  of  tinned  iron,  filled  with  nitro-glycerine, 
was  placed  in  a  kettle  with  boiling  water,  without  producing  any  result. 

Si.vth  Trial. — Two  flasks  of  tinned  iron  (of  the  same  kind  as  those 
used  by  the  Nitro-Glycerine  Company),  filled  with  nitro-glycerine,  were 
packed  into  a  wooden  box,  as  is  customary  in  forwarding  them.  After 
having  screwed  down  the  cover,  this  box  was  thrown  from  a  height  of 
nine  or  ten  feet,  upon  the  rock  below,  and  without  any  result. 

You  will  have  noticed  that  we  found  difficulty  in  exploding  the  glycer- 
ine, and  I  think  that  all  of  Nobel's  patent  lies  in  the  application  of  sufli- 
cient  heat  or  concussion  to  eff"ect  the  explosion. 

In  regard  to  the  accidents  that  have  occurred  :  the  one  in  New  York 
almost  surely  occurred  from  the  nitro-glycerine  having  leaked  into  the 
sawdust  in  which  it  was  packed,  and  oxidation  and  combustion  followed, 
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as  surely  as  if  oil  had  been  put  on  the  same  sawdust,  and  it  i5ut  in  a 
warm  place,  only  the  combustion  was  rather  more  rapid.  I  have  been 
informed  that  the  accident  at  the  express  office  in  San  Francisco  occured 
from  the  same  cause.  As  there  is  now  a  law  against  transporting  nitro- 
glycerine in  glass,  or  in  any  mode  except  tin  cans,  packed  with  plaster 
of  Paris  in  wooden  boxes,  we  will  probably  have  no  more  such  ac- 
cidents. 

At  Aspinwall,  a  case  of  nitro-glycerine  was  dropjied  into  the  hold  of 
the  steamship  ;  few  of  us  would  have  cared  to  have  been  on  the  deck 
when  a  barrel  of  gunpowder  was  treated  in  the  same  way.  At  Bergen, 
red-hot  iron  was  brought  in  contact  with  tin  and  solder  that  melts  at 
from  360*^  to  475^  F.,  and  nitro-glycerine  would  be  of  little  use  as  a 
blasting  material  if  it  had  not  proved  disastrous.  At  the  risk  of  reitera- 
tion, I  will  sum  up  the  advantages  possessed  by  nitro-glycerine  over 
gunpowder  and  gun-cotton. 

1st.  That,  being  of  greater  strength,  there  is  a  great  saving  in  drillers' 
wages,  as  fewer  holes  have  to  be  made,  and  the  charge  of  glycerine  can 
be  put  into  the  I'ock  much  more  compactly.  For  instance,  if,  to  break 
up  a  certain  rock,  1  foot  of  depth  in  the  bore-hole  was  required  with 
glycerine,  13  feet  would  be  required  with  powder,  which  would  necessi- 
tate G  feet  of  additional  drilling  if  but  one  hole  was  used  ;  but  13  feet  of 
powder  could  not  be  exploded  in  a  2  inch  or  2|:  inch  hole  so  that  it 
would  be  effective,  on  account  of  the  slowness  with  which  it  burns,  so 
that  additional  holes  would  have  to  be  drilled,  with  in  each  an  allowance 
of  at  least  3  of  the  depth  for  tamping.  With  gun-cotton  there  would  not 
be  so  much  difference. 

2d.  That  niti'o-glycerine  is  not  injured,  either  permanently  or  temjjor- 
arily,  by  water  or  moisture,  which  enables  us  to  use  water-tamping,  a 
great  saving  of  time  and  risk  of  life,  impossible  with  either  of  the  others, 
and  it  can  be  stored  in  damp  cellars,  or  under  water,  without  the  neces- 
sity of  drying  it  before  using,  as  in  the  case  of  gun  cotton,  or  having  it 
ruined,  as  with  gunpowder. 

And  lastly,  the  difficulty  of  exploding  it  renders  it  the  least  danger- 
ous to  human  life. 
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III. 


CORROSION  OF  IRON. 


At  a  regular  meeting  of  the  Society,  held  on  the  29th  Janiiaiy,  1868, 
the  following  paper  was  read  by  Wii.  J.  McAxpise,  Civil  Engineer  : 

Formerly  it  was  assumed  that  iron  was  subject  to  rapid  corrosion  when 
immersed  in  water,  or  exposed  to  the  alternations  of  the  water  and  the 
atmosphere,  and  the  every-day  experience  of  constructors  seemed  to  con- 
firm this  opinion.  Wrought-iron  bolts  in  wooden  dams  and  similar  places 
and  in  works  wholly  under  water,  frequently  rapidly  oxidize.  Cast-iron 
water-pipes  in  city  streets  are  frequently  found  greatly  corroded  ;  and 
cannon  and  shot  immersed  in  sea-water  for  half  a  century,  and  sometimes 
less,  have  been  found  with  a  mass  of  the  metal  entirely  changed  from 
iron  into  plumbago,  or  deeply  jsitted  by  oxidation. 

During  the  earher  discussions  of  the  subject,  the  inquirer  was  fre- 
quently staggered  in  his  belief  in  the  generally  received  opinions,  by 
finding  both  wrought  and  cast-iron  which  had  been  immersed  many 
years,  but  slightly  oxidated,  and  wholly  unchanged  in  its  structure. 

The  cannon  of  the  "  Royal  George,"  which  had  been  submerged  half 
a  century,  when  first  taken  out  were  so  soft  that  the  metal  could  be  cut 
with  a  knife,  but  immediately  hardened  on  exposure  to  the  air,  and  were 
again  fired.     Some  muskets  and  cannon,  sunk  in  Lakes  Erie  and  Ontario 
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during  the  war  of  1812,  were,  forty  years  afterwards,   found  to  be  but 
plightly  rusted. 

An  iron  steamer,  the  "  Aaron  Manby,"  wliich  was  launched  in  1822, 
and  kept  in  constant  use  for  twenty  years,  was  carefully  examined,  and 
no  signs  of  corrosion  found  ;  and,  ten  years  later,  it  is  stated  that  she  had 
required  but  small  repairs  for  the  whole  period. 

William  Fairbairn  also  cites  many  cases  where  iron  ships,  which  had 
been  ten  to  fifteen  years  in  salt  water,  showed  no  corrosion. 

This  subject  was  much  discussed  iu  England,  in  1850,  and  the  unex- 
pected absence  of  corrosion  in  wrought  iron  shii^s,  even  on  the  interior 
surfaces  and  iron  i:)arts,  was  then  attributed  to  the  vibration  of  the  metal, 
as  was  noticed  on  comparing  the  amount  of  the  corrosion  of  railway 
bars  in  the  track  with  those  laid  outside  of  it. 

Plumbago  was  obtained  from  cast-iron  immersed  in  acidulated  water 
in  1822,  and  forty  years  later  Dr.  Calvert  produced  the  same  result  by 
placing  it  in  sea  and  foul  water. 

A  dozen  years  earlier,  Mr.  Mallett  reported  his  well-known  exiieri- 
ments  on  the  corrosion  of  different  kinds  of  iron  in  pure  and  foul  at- 
mospheres, and  in  clear,  foul,  acidulated,  and  salt  waters,  and  arrived 
at  the  following  general  conclusions  : 

That  iron  exposed  to  water  holding  air  in  combination  corrodes  on  the 
surface  either  uniformly  or  in  places,  by  rust  or  by  the  conversion  of  the 
iron  into  plumbago,  and  that  corrosion  depends  upon  the  want  of  homo- 
geneousness  of  the  surface,  or  upon  its  density  or  hardness,  or  upon  the 
combination  of  the  carbon  with  the  iron. 

This  subject  was  very  thoroughly  discussed  by  some  of  the  most  emi- 
nent engineers  of  the  London  Society  in  1862,  and  numerous  cases 
were  cited  both  of  corrosion  and  its  absence  in  iron  under  water,  and  the 
causes  explained. 

The  examples  then  stated,  and  numerous  others,  showed  that  cast-iron 
of  a  particular  description  corroded  rapidly,  or  changed  its  structure,  by 
a  few  years'  immersion  in  foul  or  salt  water,  while  other  irons  were  en- 
tii'ely  unaffected  when  exposed  in  the  same  way  for  twenty,  thirty,  and 
forty  years. 

In  the  same  structure,  as  in  the  case  of  the  iron  gates  of  the  Sheerness 
Dock,  three  pairs  of  gates  had  resisted  the  action  of  salt  water  for  forty 
years,  and  a  portion  of  tlie  fourth  pair,  put  in  several  years  later,  had 
been  much  softened  and  injured  by  its  exposure. 
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Several  of  the  leading  engineers  instanced  numerous  cases  of  square 
cast-iron  piles,  standing  partly  in  and  partly  out  of  salt  water,  and  a  por- 
tion alternately  wet  and  dry  at  each  tide,  which,  after  periods  of  eighteen, 
twenty-four,  and  thirty-one  years,  and  intermediate  periods,  shovved  no 
signs  whatever  of  cori'osion  or  change — "thesquai'e  angles  of  the  iron 
were  as  shai'j)  as  when  they  left  the  foundry." 

Mr.  Simpson,  the  past  president,  said  that  in  his  practice  he  used 
great  care  in  the  selection  of  the  iron,  and  such  iron  was  practically 
uncorrosive. 

The  members  stated,  that  wherever  this  corrosion  or  decomposition 
had  occurred,  it  was  wholly  due  to  the  qtiality  of  the  iron.  The  engineer 
has,  therefore,  only  to  select  that  of  a  proper  quality  to  insure  dura- 
bility. 

My  own  experience  and  examinations,  so  far  as  they  reach,  confirm 
these  opinions. 

Cast-iron,  to  resist  corrosion  to  its  greatest  extent,  should  be  as  hard 
as  the  case  will  admit,  of  an  even,  close  grain,  and  with  the  carbon  com- 
bined and  not  in  the  form  of  graphite.  Impure,  soft  foundry  iron  will 
corrode  rapidly  ;  close-grained  gray  iron,  of  an  even  texture,  will  resist 
corrosion  in  the  most  exposed  j^laces  without  sensible  injury,  and  white 
iron  of  good  quality  may,  for  all  practical  jjurposes,  be  considered  as  im- 
perishable in  such  situations. 

Care  should  also  be  taken  not  to  place  iron  in  contact  with  other 
metals,  so  as  to  produce  galvanic  action. 

It  is  well  known  that  many  cast-iron  water  mains  have  corroded 
greatly,  not  only  externally  but  internally.  In  the  latter  case,  the  oxi- 
dation sometimes  takes  the  tubercular  form,  where  the  rust  is  collected 
and  aggregated  in  hard  knobs. 

In  the  early  manufacture  of  water-pipes,  they  were  often  made  from 
the  worst  quality  of  metal  ;  it  could  hardly  be  called  iron,  but  was  a 
composition  of  cinders,  sand,  scoria,  and  iron  of  the  softest  kind,  loose- 
gra\ued,  and  in  large  crystals  ;  indeed,  j)recisely  such  a  mixture  as  would 
ofifer  the  least  resistance  to  corrosion. 

Water-pipes  placed  in  the  streets  of  a  city  in  earth  alternately  wet 
and  dry,  and  saturated  with  mephitic  gases  from  sewers  and  gas-pipes, 
are  exposed  to  corrosion  more  than  under  almost  any  other  circumstances, 
and,  if  made  of  the  material  just  stated,  will  be  destroyed,  where  those 
of  a  proper  quality  of  metal  would  endure  a  very  long  time.     The  in- 
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ternal  corrosion,  however,  where  the  iron  is  exposed  only  to  the  action 
of  pure  water  and  a  small  amount  of  air  in  combination,  will  not  occur 
to  any  appreciable  degree,  if  the  iron  is  of  the  jiroper  quality. 

The  strength  of  cast-iron  pipes,  of  the  usual  thickness,  is  so  far  beyond 
the  pressure  of  the  water  and  occasional  percussions,  that  the  manufac- 
turers seem  to  think  that  the  weakest  metal  will  answer  ;  and  the  engineers 
have  not  yet,  in  their  specifications  and  inspections,  required  enough 
care  in  the  selection  of  the  metal  best  calculated  to  withstand  corrosion. 


IV. 

DURABILITY  OF  CAST-IRON  WATER-MAINS. 

{Extract  frovi  a  Letter  from  James  B.  Francis,  Civil  Engineer,  Tlth  July, 
1868,  to  A.  W.  Craven,  Member  of  tlie  Society. ) 

I  took  up  some  eight-inch  cast-iron  pipe  last  year,  which  had  been  in 
use  since  1828.  It  was  made  in  Philadelphia,  and  laid  in  the  mill-yard 
of  the  Merimack  Maniifacturing  Comi^any,  in  connection  with  the  force- 
pump,  for  fire  purposes.  Until  1849,  the  bead  did  not  much  exceed 
150  feet ;  since  then  it  has  been  about  200  feet,  exclusive  of  the  effect 
of  water-hammer. 

The  interesting  point,  however,  is  its  state  of  preservation.  Think- 
ing it  might  be  of  interest  in  connection  with  the  proposed  disciission,  I 
send  a  section  of  tl^e  pipe.  When  taken  up  it  was  lined  with  tubercles, 
projecting  say  ^  to  i  of  an  inch.  As  the  i^ipes  were  intended  to  be  re- 
laid,  and  in  fact  have  been  excej^t  two  or  three  pieces,  they  were  scraped 
out.  The  outside  remains  pretty  much  as  when  taken  up,  except  as  the 
rust  has  jarred  off  in  carting  the  jjipe.  Thirty-nine  years'  use  aj)pears 
to  have  made  but  little  impression  upon  it. 
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V. 


HISTOKICAL  SKETCH  OF  THE  SUCCESSTV'E  IMPROVEMENTS 
IN  SUSPENSION  BRIDGES  TO  THE  PRESENT  TIME. 


A  Paper  read  before  the  Society,  Marcli  18th,  1868,  by  Charles  Bender, 

Civil   Engineer    (formerly   Assistant   at  the   Polytechnical 

University  at  Karlsruhe,  in  Germany). 


In  the  present  clay  of  loug-sj^an  bridges,  more  particularly  those  of 
suspension,  across  the  wide  rivers  of  this  continent,  it  may  not  be  unin- 
teresting to  the  civil  engineer  to  trace  the  successive  improvements  in 
their  mode  of  construction,  and  to  fix  definitely  the  claims  of  inventoi-s 
and  designers  to  such  improvements  as  they  may  be  respectively  entitled 
to.  I  am  not  aware  that  the  subject  has  been  treated  in  this  light  before, 
and  therefore,  in  view  of  its  importance,  make  no  further  apology  for 
occui^ying  your  attention. 

I  found  in  an  old  book  the  following  sentence  : 

' '  The  invention  of  the  suspension  bridges  by  Sir  Samuel  Brown 
sprung  from  the  sight  of  a  spider's  web  hanging  across  the  path  of  the 
inventor,  observed  on  a  morning's  walk,  when  his  mind  was  occupied 
with  the  idea  of  bridging  the  Tweed." 

The  artificer  of  the  web  who  really  guided  Sir  Samuel  Brown,  was 
the  American  engineer  James  Finley,  of  Fayette  county,  in  the  State  of 
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Pennsylvania.  He,  in  the  year  1796,  built  the  first  regular  suspension 
bridge  across  Jacob  creek  on  the  turnpike  from  Uniontown  to  Greens- 
burg,  in  the  State  of  Pennsylvania.  He  obtained  the  first  patent  on  this 
object  from  the  Government  of  the  United  States,  and  the  book,  "Treatise 
on  Bridge  Architecture,  by  Thomas  Poise,"  published  in  New  York  in 
the  year  1811,  spread  this  ingenious  invention  over  the  whole  world. 
Some  English  and  French  authors,  and  even  Pope,  tried  to  diminish 
Finleys's  merits  by  attributing  this  invention  to  the  Chinese  and  Indians, 
but  these  people  used  only  ropes  or  common  chains,  fastened  to  trees, 
and  the  path  was  directly  on  the  catenary,  without  susjiended  floor.* 

The  development  of  the  art  of  bridge-building  is  showing  and  proving 
how  deeply  James  Finley  had  studied  his  task,  and  how  much  we  owe 
to  him. 

The  princii^al  features  of  his  invention  consisted  in  the  application  of 
artificial  stone  abutments,  in  the  introduction  only  of  two  chains,  one  at 
each  side  of  the  bridge,  the  links  of  which  were  as  long  as  the  distances 
between  the  cross-bearers  or  joists.  Finley  applied  one-seventh  of  the 
spans  for  the  deflections  of  cables,  introduced  suspension  rods  and 
stirrups  to  support  the  joists,  and  arranged  the  anchor  chains  at  the  same 
angles  as  the  main  chains,  to  avert  j)owers  acting  to  throw  down  the 
j)iers. 

The  most  interesting  of  the  novelties,  and  one  upon  which  Finley 
apparently  laid  a  great  value,  was  the  arrangement  for  distributing  the 
load  over  a  great  extent  of  the  bridge,  thereby  aiding  to  divide  it  over 
many  suspenders,  and  to  stiffen  the  otherwise  movable  floor  against 
change  of  shape. 

His  specification  reads  as  follows  : 

"  To  bind  and  connect  the  whole  that  they  have  the  same  eftect  as  a 
platform  of  one  piece,  four  or  more  joists  will  be  necessary  for  the  upper 


*  At  the  discovery  of  America  similar  constructions  were  found  there. 

Humli'ildt  found  in  the  year  1S02  a  suspenaiou  bridge  across  the  river  Chambo,  in  Peru,  the 
ropes  being  three  feet  thick,  made  of  roots  of  the  Agave  Americana.    The  span  was  forty  feet. 

In  the  year  1515  the  Landsknechte,  a  kind  of  regular  troops  (Germans  and  Switzers),  built  a 
rope-bridge  across  Padus  river,  in  Italy,  which  they  passed  with  artillery. 

In  the  year  1595  Admiral  Coliguy,  in  France,  made  a  rope-bridge  near  Poitier. 

In  the  year  1734  the  army  of  the  Palatinate  of  Saxony,  in  Germany,  built  a  c/min  bridge 
across  the  Oder  river,  near  Glorywitz,  in  Prussia. 

The  bridge  across  the  Tees,  in  England  (1741),  seventy  feet  long  and  two  feet  wide,  was  like^ 
those  constructions  in  China  and  Thibet,  having  chains  fastened  to  timbers,  the  planks  laid  on 
tbem  directly. 


29 

tier — to  extend  from  end  to  end  of  the  bridge  ;  each  will  consist  of  more 
than  one  piece,  the  pieces  had  best  pass  each  other  side  by  side,  so  that  the 
ends  may  rest  on  different  joists  on  the  lower  tier.  The  splice  will  then 
extend  from  one  joist  to  another  of  the  lower  tier,  and  must  be  bolted 
together  by  one  bolt  at  each  end  of  the  splice.  The  planking  floor  is 
laid  on  the  upper  tier." 

Herewith  the  inventor  formed  strong  beams,  continuous  from  one  end 
of  the  bridge  to  the  other,  and  the  continuity  itself  gives  the  utmost 
certainty,  that  these  beams,  which  were  no  directly  bearing  parts,  had 
the  aforesaid  important  object,  to  stiffen  the  floor,  jirevent  greater 
changes  of  form,  or  in  other  words  to  neutralize  the  momentum,  arising 
from  loads  and  wind. 

The  method  employed  was  sufficient  for  the  spans  at  that  time  in 
use,  and  in  connection  with  the  stiff  railing,  fulfilled  entirely  the  con- 
ditions necessary  for  a  good  bridge  for  common  traffic.  For  the  time  in 
which  Finley  lived,  his  bridges  were  astonishing  structures  in  reference 
to  the  insufficient  knowledge  of  the  art  of  frame  bridge  buUding,  and 
spans  of  three  hundred  and  six  feet  at  the  commencement  of  the  nine- 
teenth century,  appear  bolder  than  twelve  hundred  feet  in  our  days. 

We  can  leani  by  studying  Finley 's  plan  how  the  neglect  of  his  well- 
founded  directions  caused  many  disasters  to  suspension  bridges. 

It  is  astonishing  how  few  understood  him.  Instead  of  keeping  the 
stiffening  continuous  beams,  and  instead  of  proportioning  the  same  ac- 
cording to  the  spans  and  loads  of  the  bridges,  it  was  believed  to  be  an 
unnecessary  weight  and  increase  of  cost  of  bridges  ;  and  instead  of 
adapting  great  deflections  of  cables  or  chains,  it  was  believed  to  be  a  bet- 
ter arrangement  by  taking  flat  arcs,  and  deflections  equal  to  one  fifteenth 
of  the  spans,  whereby  the  cost  of  the  bridges  became  nearly  double  as 
great  as  before. 

Up  to  the  year  1801,  according  to  Finley's  patent,  eight  bridges  had 
been  built  in  the  United  States,  and  there  were  added  forty  others  be- 
tween the  years  1801  and  1808.  The  largest  of  all  was  the  Schuylkill 
chain  bridge,  of  three  hundred  and  six  feet  si3an. 

It  is  not  uninteresting  to  know  the  names  of  some  of  the  first  build- 
ings of  this  kind. 

The  Potomac  Bridge,  near  "Washington,  had  one  hundred  and  thirty 
feet  span,  its  floor  being  fifteen  feet  wide  ;  the  Cumberland  Bridge,  in 
Maryland,  had  the  same  span  ;  the  Brandy  wijie  Bindge,  near  Wilmington, 
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was  built  with  one  hundred  and  forty-five  feet  span,  and  a  thirty  feet 
wide  floor,  and  two  other  bridges  were  built  of  one  hundred  and  twenty 
feet  span  each,  at  Brownsville,  in  Fayette  county,  in  the  State  of  Penn- 
sylvania. A  bridge  across  the  Merrimac,  three  miles  from  Newburyport, 
in  the  State  of  Massachusetts,  carried  out  by  an  engineer  named 
John  Templeman,  of  the  District  of  Columbia,  is  more  particularly  de- 
scribed, and  is  one  of  the  most  interesting  buildings  in  the  history  of 
bridges.  The  span  of  this  bridge  was  two  hundred  and  forty-four  feet ; 
the  abutments  forty-seven  feet  long  and  thirty-seven  feet  high, were  made 
of  good  masonry.  The  two  roadways,  of  fifteen  feet  width  each,  were 
strong  enough  to  allow  for  the  passage  of  horses  and  carriages,  whatever 
their  speed.  Ten  chains,  each  five  hundred  and  seventy-six  feet  long, 
were  made  to  bear  five  hundred  tons  with  perfect  security.  Three  of 
the  chains  were  fastened  on  each  side  of  the  bridge,  and  four  in  the 
middle.  "The  railing  was  stout  and  strong,"  a  construction  which 
"contributed  much  to  the  stiffness  of  the  floor.''  Thomas  Pope  himself 
calls  it  a  wonderful  structure,  describes  the  railing  as  contributing  much  to 
the  stifiness  of  the  floor,  and  states  that  Temj)leman's  talents  and  improve- 
ments had  ea,rned  for  him  a  great  reputation  as  engineer  of  such  work. 
He  also  reported  that  the  motion  of  the  floor  of  the  Merrimack  bridge 
was  "very  Utile  perceptible,  whatever  the  speed  of  any  kind  of  traffic.'" 

The  bridge  ?LGvo?,s%he  Lehigh,  built  in  tlie  year  1815,  neav  Northampton, 
in  Pennsylvania,  consisting  of  two  whole  and  two  half  spans,  four  hun- 
dred and  seventy-five  feet  long,  bearing  two  tracks  for  carriages  and 
two  six  feet  wide  footi)aths,  was  the  first  mentioned  suspension  bridge  of 
more  than  one  sjDan. 

The  ajjplication  of  wire  for  suspension  bridges  is  also  an  American  in- 
vention, for  the  first  wire-bridge  was  built  before  the  year  1808,  at  Phila- 
delphia, across  the  Schuylkill  river,  with  a  sjian  of  four  hundred  and 
eight  feet.  I  found  in  the  book  on  wire-bridges,  by  the  French  engineer, 
Seguin,  published  in  the  year  1824,  that  a  report  on  the  American  canals, 
written  by  Mr.  Galatin,  in  the  year  1808,  and  copied  in  a  French  book 
from  the  year  1820,  mentioned  the  wire-bridge  at  Philadelphia.  The 
same  bridge  is  also  described  in  the  "Bulletin  de  la  Societe  d'Encour- 
agement,"  in  the  year  1816. 

According  to  these  notices,  the  existence  of  the  American  wire  suspen- 
sion bridge  was  well  known  in  Europe  a  long  time  before  the  first  regular 
suspension  bridge  w^as  built  there. 
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Pope's  book  was  well  known  in  Fiance,  and  Seguin,  as  well  as  the 
famous  French  engineer,  Navier,  made  use  of  it.  Finley's  important 
invention,  in  connection  with  Templemau's  improvements,  as  well  as 
Pope's  book,  and  the  wire  bridges  built  in  this  country,  were  known  in 
England  by  Samuel  Brown  and  others  in  the  year  1814,  and  it  is  most 
probable  were  known  in  France,  for  the  brothers  Seguin,  French  engi- 
neers, seem  to  have  been  in  England,  and  Navier  esj)ecially  was  sent  there 
to  study  suspension  bridges. 

At  that  time  a  Frenchman  of  the  name  of  Poyel  proposed  a  kind  of 
stay-bridges,  consisting  of  high  wooden  masts  as  towers,  from  the  tops 
of  which  were  starting  many  stays  to  both  sides,  supporting  the  floor. 

But  the  English  engineers  were  the  first  who  proposed  and  applied 
stays  for  suspension  bridges,  in  connection  with  cables,  as  well  as  with- 
out them. 

The  fil-st  of  these  bridges  was  built  by  Richard  Lees,  at  GalasUel, 
across  the  river  Gala,  in  the  year  1816,  of  a  span  of  one  hundred  and 
twelve  feet;  it  was  like  the  two  following,  a  wire-bridge.  The  bridge 
&\,  Kings- Meadow,  across  the  Tweed  [span  one  hundred  and  ten  feet], 
was  built  in  the  year  1817,  and  another  structure  at  Thirlstone  Castle,  one 
hundred  and  twenty-five  feet  long— both  with  stays.  At  Kelso,  on  the 
Tweed,  a  bridge  of  three  hundred  feet  span  was  built  for  carriages— the 
roadway  eighteen  feet  in  width.  A  bridge  at  Dryburgli- Abbey,  with 
stays,  was  two  hundred  and  sixty  feet  long,  and  very  movable  ;  so  much 
so,  that  four  persons  could  shake  it  so  as  to  break  one  of  the  stays .  In 
the  year  1818  a  wind  destroyed  the  whole  structure.  Eebuilt  according  to 
Finley's  system,  provided  with  strong  longitudinal  beams,  strong  railings 
and  anchors,  like  those  at  Niagara  bridge,  it  resisted  the  obnoxious 
motion.  Especially  is  it  stated  that  the  railing  resisted  all  upward  move- 
menis.  The  use  of  anchor-chains,  to  prevent  side  and  upward  move- 
ments of  the  floor  is,  therefore,  already  very  old,  and  Sir  Samuel  Brown 
often  made  use  of  them. 

Tlie  bridge  at  Dry  burgh  is  interesting  in  another  reference,  as  it  is 
the  first  wherein  the  chains  were  convergent  in  the  middle  of  the  span. 
At  the  towers  of  this  bridge  the  distance  apart  of  the  cables  was  twelve 
feet,  and  in  the  middle  of  the  bridge  it  was  only  four  feet ;  the 'object 
being  to  reduce  the  side  motion.  But  the  engineer,  Stevenson,  already 
observed  that  he  preferred  to  keep  the  parallelism  of  chains,  and  rightly, 
as  I  hope  fully  to  convince  you  in  a  future  communication. 


A  great  many  of  the  stay-bridges  broke  down,  and  after  many  sad  ex- 
periences, the  use  of  stays  has  been  entirely  rejected  by  English  engi- 
neers, notwithstanding  they  have  been  reintroduced  into  this  country. 

Navier  saw  different  bridges  built  by  Brown  in  England,  and  he  de- 
scribes the  action  of  the  stays  in  aiding  to  siipport  the  floor;  others  were 
introduced  horizontally,  but  inclined  to  the  longitudinal  axis  of  the 
bridge,  to  reduce  the  side  motion,  and  he  criticised  sharj^ly  the  combina- 
tion of  stays  with  suspension  rods  and'  chains  or  cables. 

The  use  of  separate  tension  cables  attached  to  the  two  towers,  working- 
horizontally  or  vertically  against  the  action  of  the  wind  ;  the  application 
of  pendulums  to  sujDport  the  cables  on  the  pillars,  allowing  expansion 
and  contraction  of  cables,  are  ideas  of  the  famous  engineer  Brunei. 
These  applications  are  made  at  Brunei's  bridge  on  the  Island  of  Bourbon, 
and  are  copied  at  the  susj)ension  bridge  across  the  river  Meuse,  at  Liege, 
in  Belgium,  and  at  the  Alleghany  bridge  near  Pittsburg, 

Telford,  the  engineer  of  the  Menni  Straits  suspension  bridge  in  Eng- 
land as  far  as  I  can  learn,  added  the  improvement  of  saddles  on  rollers, 
siijDporting  the  cables  or  chains,  to  allow  for  the  movements  in  case  of 
change  of  temperature.  The  railing  of  this  bridge  was  j)roposed  six 
feet  high,  the  span  being  five  hundred  and  sixty  feet. 

I  have  mentioned  that  by  the  French  government,  in  the  year  1821> 
Navier  was  sent  to  England  to  study  the  existing  suspension  bridges,  and 
to  report  on  the  same.  He  collected  the  different  historical  notices,  de- 
scribed Finley's  and  the  English  bridges,  and  gave  the  theory  of  movable 
suspension  bridges  in  his  classical  book,  published  in  the  year  1823. 
The  curve  of  the  suspension  cables  when  loaded,  Navier  first  regai'ded 
as  parabola,  rejecting  the  comislicated  older  formulfe  as  given  by  Jacob 
and  John  Bernouilli,  Huyghens,  Euler,  and  others.  It  is  to  be  regretted 
that  this  celebrated  and  highly  scientific  man,  overlooked  the  influence  of 
wind  acting  from  below  on  the  floor,  and  thus  becoming  the  most  dan- 
gerous element  to  destroy  susj^ension  bridges.  Indeed,  Navier's  theory 
and  his  reputation  contributed  much  to  the  false  judgments  about  Ein- 
ley's  improvements,  and  caused  the  error  of  introducing  small  deflections 
and  of  omitting  the  American  longitudinal  beams  and  railings,  these  im- 
portant stiffening  elements,  which,  in  the  right  jjroportions,  are  insep- 
arable from  any  good  suspension  bridge. 

Finley  expressly  advocated  the  construction  of  platforms  of  one  piece, 
but  Navier  and  his  followers  supposed  a  perfectly  movable  floor.     Finley 
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applied  -f ,  Navier,  jV,  to  1^5  of  tlie  spans  for  deflections.  Finley  prevented 
the  undulations  by  bis  stiff  platform  ;  Navier  believed  be  could  jarevent 
greater  displacements  by  flat  catenaries.  This  is  the  great  antithesis  of 
these  two  celebrated  engineers,  and  every  scientific  bridge  builder  must 
concede  that  Finley  stood  much  nearer  to  the  perfect  solution  of  this 
problem  than  Xavier. 

But  notwithstanding  Navier's  book  was  of  great  vakie  to  science,  and 
he  opened  for  investigation  many  interesting  questions. 

Navier  i^aid  attention  to  the  effect  of  change  of  temperature  on  suspen- 
sion bridges,  and  after  having  examined  the  use  of  rollers  on  the  towers, 
he  gives  some  hints  about  the  effect  of  the  same  forces  on  the  platforms, 
which  he  supposes  to  be  movable.     His  own  words  in  this  respect  are : 

"  By  applying  continuous  longitudinal  pieces  in  the  platform  of  the 
bridge,  it  wiU  be  necessary  to  compound  these  pieces  of  parts  connected 
by  joints,  which  leave  a  little  freedom,  so  that  the  adjoining  parts  can  slip 
on  the  others,  where  the  heat  is  lengthening  the  same." 

But  it  is  not  to  be  understood  that  Navier  meant  to  apply  such  slip- 
joints  to  the  chords  of  a  truss,  for  in  our  climate  such  a  truss  would  not 
begin  to  work  before  it  was  bent  to  deflections  equal  to  about  g\,  of  the 
span.  Hence,  it  follows  that  if  such  a  truss  with  slija-joints  were  ap- 
plied to  a  suspension  bridge,  it  would  not  work  at  all,  but  merely  act  as 
a  dead  weight. 

In  the  same  classical  book,  Navier  describes  the  suspension  canal- 
bridge,  built  by  Cotoii  Chabrol  in  the  department  of  Puy-de-D6me,  in 
France,  the  length  of  which  was  six  hundred  and  fifty  feet,  and  he  gives 
calculations  and  plans  of  a  project  of  this  kind.  These  ideas  and  plans 
have  been  applied  in  constructing  the  Pennsylvania  canal-bridge  for 
spans  of  one  hundred  and  sixty  feet. 

The  first  suspension  bridge  on  the  continent  of  Europe  was  built  in 
the  year  1823,  at  Geneva,  in  Switzerland,  by  Colonel  Dufour.  It  was  a 
wire  bridge. 

In  the  year  1824  the  elder  Seguin  published  the  first  edition  of  his 
work  on  wire  bridges  ;  a  book  important  in  many  respects,  giving  many 
new  ideas  and  improvements. 

There  the  utility  of  the  stiffness  of  the  platform  of  suspension  bridges 
was  not  overlooked,  as  was  done  by  Navier  and  the  English  engineers. 
On  the  contrary,  the  meaning  and  the  imjjortance  of  stiff  railings  as 
well  as  of  longitudinal  beams  were  fully  ajiiireciated. 
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I  must  not  omit  to  translate  a  [)ortion  of  this  work,  throwing  light  on 
the  fact,  that  James  Finley  and  Templeman  are  to  be  regarded  as  in- 
ventors and  improvers  of  susijension  bridges  with  stiffened  floors,  reject- 
ing all  later  pretensions  and  claims  of  this  kind. 

In  this  aforesaid  book  is  to  be  found: 

"One  of  the  greatest  inconveniences  of  suspension  bridges  are  the 
vacillations  arising  from  moving  loads  of  any  considerable  masses.  To 
prevent  these,  there  should  be  employed  all  possible  means  affording 
rigidity  ;  the  very  best  of  all  existing  of  which  I  know  is  the  arrange- 
ment of  strong  trusses  as  j^arapels  of  the  bridges.  These  have  to  consist 
of  long  pieces  of  wood  forming  i\\e  frames,  and  of  wooden  Andrew  crosses 
put  together  at  right  angles.  The  connections  of  the  different  pieces 
should  be  made  by  iron  bolts,  jiiercing  the  frames  or  chords  between  the 
joints  of  the  diagonals,  allowing  any  desired  tension  and  great  rigidity." 

Further  Seguin  says: 

"The  first  quality  of  the  floors  or  jjlatforms  of  suspension  bridges  is 
to  have  as  much  rigidity  as  possible,  and  to  obtain  it  care  is  to  be  taken 
to  fasten  together  the  different  jjarts,  so  as  to  get  a  continuity  preventing 
any  separation.  It  is  customary  to  attach  the  suspension  rods  to  cross- 
bearers  which  are  supporting  the  floor  itself,  but  it  is  possible  as  well  to 
apply  longitudinal  pieces  to  support  the  cross-bearers,  and  it  seems  to 
me  to  be  far  preferable  to  establish  in  all  cases  longitudinal  flooring  before 
cross- bearers.  The  longitudinal  pieces  had  to  be  of  the  greatest  possible 
dimensions,  their  joints  to  be  well  connected  to  avert  those  horizontal 
movements,  which  are  consequences  of  the  deficiency  of  continuity  in 
the  floor." 

"  The  Americans  had.  adopted  -f  of  the  spans  for  deflections  of  cables. 
This  disposition,  being  very  favorable  in  reference  to  solidity,  is  incon- 
venient in  regard  to  displacements,  ivhich  becom,e  always  the  less  the  more  the 
deflection  of  cables  is  diminished.  But  the  Americans  have  neutralized 
that  inconvenience  by  adding  to  the  floors  great  masses,  and  using  sti'ong 
railings,  to  increase  the  rigidity.''^ 

Concerning  the  said  masses,  Seguin  meant  evidently  Finley's  longi- 
tudinal and  continuous  beams,  laid  on  the  cross-bearers  ;  the  weight  and 
action  of  which  reduced  tlie  side  motions  caused  l)y  wind,  and  which 
had,  l)esides  this  effect,  the  more  direct  object  which  Seguin  mentioned 
before,  but  did  not  understand  fully.  Navier's  influence  on  Seguin  is 
evident  ah'eady. 
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The  brothers  Seguin  introduced  the  method  of  boiling  the  wire  in  oil, 
thus  giving  a  good  coating  as  a  preventive  of  rust.  But  they  observed 
that  the  wire  after  the  jjrocess  of  boiling,  lost  a  portion  of  its  strength, 
an  observation  which  is  confirmed  by  newer  and  very  minute  experiences 
of  reliable  men.*  Indeed,  the  temperature  of  boiling  linseed  oil  is  at 
six  hundred  degrees  Fahr.,  w^hich  is  the  same  temperature  requird  to 
soften  steel,  at  which  that  dark-blue  color,  so  characteristic  of  the  tem- 
pering of  steel,  is  observable. 

The  method  of  covering  the  chains  with  white  instead  of  any  other 
color,  as  was  Finley's  practice,  is  first  mentioned  in  the  description  of 
the  Hammeramith  bridge,  in  England.  The  same  Hammersmith  bridge, 
as  seen  in  the  year  1854,  was  stiffened  horizontally  by  cast-iron  beams, 
suitable  chords  and  diagonals,  and  the  vertical  movements  were  prevented 
by  strong  railings.  This  was  perfectly  sufficient  for  common  traffic,  and 
the  Hammersmith  bridge  was  celebrated  for  its  good  jiroportions  and 
strength. 

Many  bridges  of  this  time  suffered  by  gales  of  wind;  many  of  Brown's 
structures,  and  generally  those  near  the  sea,  and  more  especially  those 
constructed  with  stays,  were  destroyed  entirely;  others  badly  damaged. 

Telford's  Menai  bridge,  for  instance,  was  extensively  injured,  and  the 
engineers  fell  into  the  great  mistake  of  preventing  the  undulations  and 
motions,  caused  by  wind,  by  increasing  the  dead  weight  of  the  bridge 
itself.  The  floor  of  the  Menai  bridge  has  a  weight  of  ninety-seven 
pounds  per  superficial  square  foot.  But  the  evils  of  this  system  soon 
produced  a  change  in  the  opinions  of  the  engineers,  and  it  was  the  en- 
gineer Rendel,  to  whom  was  confided  the  repair  of  the  suspension  bridge 
at  3Ioulrose,  who  was  induced  to  apply  a  good  method  of  stiffening  the 
floor  of  suspension  bridges.  Though  undoubtedly  Fiuley  and  Temple- 
man  are  to  be  regarded  as  the  first  constructors  of  stiffened  suspension 
bridges,  as  we  well  know,  and  as  Rendel's  method  is  merely  one  of  its 
applications,  yet  the  ideas  in  that  time  were  disturbed  to  such  a  degree, 
that  he  is  to  be  regarded  as  the  true  reformator  of  suspension  bridges, 
and  as  the  man  who  again  brought  to  clear  understanding  the  idea  of 
longitudinal  beams  and  trusses  reaching  from  one  end  of  the  bridge  to 
the  other.  Rendel  also  condemned  more  decidedly  the  use  of  stays,  and 
proved  by  fact  the  truth  of  his  judgment. 

♦  Experiments  by  Professor  Karmarsch  and  Engineer  Brix,  in  Prussia. 
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This  bridge  of  Montrose  was  built  in  tlie  year  1825,  by  Samuel  Brown, 
its  span  being  four  hundred  and  thirty-two  fpet,  deflection  of  cables  equal 
to  forty-two  feet,  and  Avidth  of  floor  twenty-six  feet.  In  the  year  1838, 
the  platform  was  destroyed  by  a  heavy  gale,  and  in  the  year  1840  the 
chains  gave  way  Avith  a  load  of  seven  hundred  men  on  the  floor,  whereby 
a  considerable  loss  of  life  was  caused. 

Eendel,  in  his  report,  says  : 

*'  In  the  anxiety  to  obtain  a  light  roadway,  mathematicians,  and  even 
practical  engineers,  had  overlooked  the  fact  that  when  lightness  induced 
flexibility  and  consequently  motion,  the  force  of  momentum  was  brought 
into  action,  and  its  amount  defied  calciilation." 

"  The  author  has  long  been  convinced  of  the  importance  of  giving  to 
the  roadway  of  suspension  bridges  the  greatest  possible  amount  of  stiffness 
in  such  a  manner  as  to  distribute  the  load  or  the  effect  of  any  violent  action 
over  a  considerable  extent.  The  platforms  of  large  bridges  in  exposed 
situations  are  acted  ui:)on  in  so  many  different  ways  by  the  wind,  tbat  he 
had  an  objection  to  the  use  of  stays  or  braces  to  counteract  movements  which 
ought  rather  to  be  resisted  by  the  form  of  the  truss-structure.  Holding  such 
opinions,  he  determined  to  adapt  a  fraining,  which,  although  connected 
rigidly  in  every  direction,  should  nevertheless  be  simple,  composed  of  few 
parts,  capable  of  being  easily  renewed,  should  distribute  its  weight  uniformly- 
over  the  chains,  not  be  subject  to  change  from,  variation  of  temperature, 
and  not  augment  the  usual  weight  of  suspended  platforms." 

According  to  these  principles,  which  are  embraced  entirely  in  the  old 
American  inventions,  biit  more  defining  the  same,  Rendel  repaired  the 
Montrose  bridge  in  the  following  way:  "Instead  of  cast-iron  cross- 
bearers,  he  adopted  wooden  joists  thirteen  feet  by  three  and  a  half  feet, 
bolted  together  and  trussed  with  a  round  bar  of  one  and  one-eighth  of  an 
inch  diameter  ;  every  sixth  beam  had  a  deejD-trussed  frame  on  the  under 
side,  so  as  to  give  great  stiffness  above  and  beneath  the  cross-beams  ;  on 
each  side  of  the  carriage-way  were  bolted  two  sets  of  longitudinal  tim- 
bers, four  in  each  set  ;  they  were  further  united  by  cast-iron  boxes  at 
intervals  of  ten  feet.  A  curb  of  timber  eleven  inches  by  six  inches  was 
attached  to  the  ends  of  the  cross-bearers,  and  extended  the  whole  length 
of  the  platform.  To  add  to  the  stiffness  afforded  by  this  construction, 
the  author  caused  to  be  passed  through  the  spaces  between  the  pair  of 
longitudinal  beams,  a  series  of  diagonal  truss-pieces  of  timber,  six  inches 
square,  with  the  ends  stepped  in  the  cast-iron  boxes,  which  at  every  ten 
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feet  grasp  tlie  beams.  On  the  other  end  of  these  diagonal  truss-pieces, 
an  iron  screw  bolt  one  inch  and  a  quarter  diameter  at  every  ten  feet,  and 
a  contrivance  of  wedges  in  the  cast-iron  boxes,  enabled  any  degree  of 
tension  to  be  given  to  the  framing.  The  roadway  was  thus  stiffened  by 
two  of  the  strongest  kinds  of  framing  in  parallel  lines,  dividing  the  car- 
riage-way from  the  footpaths." 

This  truss  work,  with  the  perfect  understanding  of  the  working 
momenta,  was  expressly  made  to  resist  flexures  upward  as  well  as  down- 
ward, an  arrangement  omitted  in  one  of  the  greatest  existing  construc- 
tions. 

The  requisite  horizontal  stiffness  was  obtained  in  the  following  way  : 
"  The  carriage-way  was  formed  of  four  thicknesses  of  Memel  planks,  the 
two  lower  layers,  each  two  inches  thick,  were  placed  diagonally  with  the 
transverse  beams  crossing  each  other  so  as  to  form  a  reticulated  floor, 
abutted  against  the  longitudinal  beams.  They  were  firmly  spiked  to  the 
beams  and  to  each  other  at  all  the  intersections,  and  ujion  them  was  laid 
and  spiked  a  longitudinal  layer  of  planking  two  inches  thick.  Each 
layer  was  closely  jointed  and  caulked,  and  the  upper  one  was  laid  in  a 
mixture  of  pitch  and  tar ;  a  composition  of  fine  gravel  and  sand  ce- 
mented with  boiled  gas-tar  was  laid  over  the  whole,  to  the  thickness  of 
one  inch,  forming  the  road  track." 

The  absence  of  Brunnel's  counter-chains  and  of  Brown's  counter-stays, 
and  other  unnecessary  and  even  dangerous  furniture,  is  to  be  regarded 
as  highly  commendable. 

"  The  whole  formed  a  compact  mass  of  braced  wood  work,  the  diago- 
nal planking  giving  the  horizontal  stiffness,  and  the  tw'O  trussed  frames 
insuring  the  vertical  rigidity." 

It  is  interesting  to  know  the  weights  of  this  structure,  as  important 
concerning  the  art  of  building  suspension  bridges  with  stiffened  floors. 

The  weight  of  the  roadwork  was 131  tons. 

"  of  cast  and  wrought-iron 37  tons. 

"  of  suspension  rods 21  tons. 

of  fencing  (wrought-iron) 9  tons.      ^    ^"^ 

of  gravel  concrete 30  tons. 

■^  _o 

Total 228  tons. 

or  forty-seven  and  a  half  pounds  per  superficial  square  foot,  for  the  entire 
roadway.    Subtracting  the  gravel  concrete,  it  is  forty-one  pounds.    Before 
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the  bridge  was  stiffened,  the  weight  was  forty-four  iiounds  per  square 
foot. 

The  bridge  has  borne  without  injury  heavy  gales,  as  could  be  fore- 
seen, and  the  stiffness  has  given  confidence  in  the  strength  to  all  who 
have  examined  it. 

The  English  engineers  agreed  with  Eendel,  and  the  engineer  Vignoles 
eulogized  this  excellent  communication  for  the  j^ractical  conclusions 
"which  it  contained.  "He  found  it  not  difficult  to  foresee,  that  by  carrying 
out  the  system  of  adopting  well-trussed  framings  to  the  platforms  of  sus- 
pension bridges,  sufficient  rigidity  would  have  been  obtained  for  locomo- 
tive engines  and  carriages  on  railways  to  traverse  rivers  or  ravines  by 
means  of  these  bridges,  instead  of  the  costly  viaducts  or  Ifeavy  embank- 
ments ;  and  Mr.  Rendel  saw  no  difficulty  in  giving  any  required  amount 
of  rigidity  to  the  platforms  ;  it  was  only  necessary  to  increase  the 
strength  of  the  framing,  to  enable  the  roadway  to  bear  with  perfect  safety 
the  passage  of  an  engine  and  a  train  of  carriages." 

In  the  mean  time  the  wire  bridges  found  a  favorable  reception  in 
France,  which  is  full  of  admirable  structures  of  this  kind,  and  the  French 
engineers  brought  the  manner  of  constructing  cables  to  the  high  degree 
of  perfection  of  our  day. 

After  the  preceding  introduction  of  wire  bridges  in  England  and  Swit- 
zerland, the  brothers  Seguin  constructed  the  first  wire  suspension  bridge 
in  France,  in  the  year  1824.  All  the  existing  methods  of  splicing  wire, 
of  bringing  up  the  cables,  have  been  studied,  and  theories  of  great  me- 
chanical value  have  been  invented. 

The  cables  were  first  made  on  land  and  then  carried  on  the  towers  by 
machinery,  but  soon  the  French  engineers  began  to  build  them  on  the 
towers  themselves.  Very  i^erfect  methods  have  been  employed,  securing 
all  possible  equality  of  tension  in  the  single  wires;  and  as  greater  perfec- 
tion always  requires  more  time  and  trouble,  these  methods  are  more  ex- 
pensive than  those  of  a  later  origin,  which,  shortening  a  little  the  time 
of  construction,  are  not  securing  the  same  equality  throughout. 

Now,  the  time  to  make  a  wire  cable  of  one  thousand  six  hundred  feet 
length,  is  about  one  year,  which  involves  a  great  loss  when  we  consider 
that  steel  chains  can  be  obtained  cheaper,  much  more  secure,  much  lighter  and 
better,  than  any  wire  rope  can  be,  and  by  the  use  of  which  the  time  for 
building  suspension  bridges  is  considerably  reduced. 

Such  a  steel  chain  bridge  was  built  in  Vienna  in  the  year  1829,  by 
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the  Auatrinyi   engineer   Mitis.     It  is  praised  in  all  reports  as  a  strong 
structure. 

The  wrapi^ings  of  the  French  cables  are  made  at  intervals  of  about 
one  foot  ;  in  later  times  the  wrappings  have  been  made  continuous. 

In  the  year  1831  the  French  engineer  Vicat,  in  his  report  on  the 
suspension  biidges  across  the  river  Khone,  described  his  method  for 
building  wire-bridges  in  place,  directly  on  the  towers  and  abutments, 
a  method  which,  essentially  in  the  same  manner,  was  copied  by  erect- 
ing the  Niagara  and  Cincinnati  bridges.  This  method  is  described  as 
follows  : 

"The  towers  and  abutments  of  a  suspension  bridge  being  finished, 
the  points  of  attachment  ready  to  receive  the  cables,  and  supposed  that 
a  number  of  double  wires  of  equal  lengths,  forming  circuits,  are  wound 
on  different  reels,  these  rinres  are  drawn  from  one  pillar  to  the  other  by 
means  of  a  thin  endless  rope,  like  the  guide-rope  of  a  flying  ferry,  and 
moved  like  the  chain  of  a  chain-pump." 

By  this  method  Mr.  Yicat  proposed  to  make  and  suspend  cables,  with 
less  cost,  with  fewer  workmen,  and  in  shorter  time  than  before.  He  said 
it  was  not  difficult  to  reduce  the  number  of  cables  to  two,  if  it  was  desii'ed, 
whereby  the  surface  exposed  to  oxidation  would  be  diminished ;  the 
tension  of  the  single  wires  would  be  uniform,  whatever  the  thickness  of 
the  cables  ;  the  apparatus  for  elevating  the  cables  be  simplified,  and  the 
gi'eatest  possible  sjians  would  be  admissible. 

More  details  on  this  subject  can  be  found  in  the  article  on  the  bridges 
across  the  river  Rhone  in  the  French  "Annales  des  Fonts  et  Chaussees," 
1831,  volume  first. 

Mr.  Chaley,  the  engineer  of  the  celebrated  suspension  bridges  at 
Friburgh,  in  Switzerland,  worked  out  Mr.  Vicat's  method,  and  often  had 
occasion  to  apply  it.  He,  according  to  the  same  method,  built  the 
second  suspension  bridge  at  Friburgh,  in  Switzerland ;  further,  the 
bridge  "  de  la  Charite,"  across  the  river  Laire,  a  suspension  bridge  in 
Paris,  another  at  Percey,  in  the  Jura  mountains,  and  the  bridges  at 
Cormerxi,  across  the  Indre,  and  of  Beaumont,  across  the  Sarthe,  in 
France. 

Vicat's  method  was  further  employed  at  a  bridge  at  Tours,  in  France, 
for  transporting  materials.  Interesting  details  are  found  in  the  "Annales 
des  Fonts  et  Chaussees,"  year  1841. 

Other  methods  for  constructing  the  cables  of   suspension   bridges 
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directly  on  the  towers  and  abutments,  are  that  of  the  French  engineer 
Le  Blanc,  constructor  of  the  splendid  britlge  at  Roche  Bernard ;  and, 
after  him,  that  method  introduced  by  the  French  engineer  Ze  Clerc,  the 
constructor  of  the  suspension  bridge  at  Lorient,  across  the  Scorff.  The 
anchorage*  of  these  bridges  (the  first  is  of  643  feet  span,  the  other  610 
feet)  is  interesting,  as  the  cables  form  one  continuous  belt,  laid  around 
the  abutments  in  suitable  vaults,  allowing  free  circulation  of  the  air,  as 
well  as  to  repair  the  painting  of  the  -wire  from  time  to  time.  The  two 
cables,  at  both  sides  of  these  bridges,  have  the  same  deflections,  an 
arrangement  which  is  not  objectionable.  (The  description  can  be  found 
in  the  "Annales  des  Fonts  et  Chaussees,"  1850.) 

The  French  methods  and  designs  have  been  used  in  our  country ; 
especially  the  method  of  constructing  the  cables  directly  on  the  towers, 
in  the  year  1844,  at  the  Alleghany  suspension  bridge,  near  Pittsburgh, 
and  Vicat's  invention  w^as  a  little,  but  not  essentially,  modified  at  the 
construction  of  the  Niagara  and  Cincinnati  suspension  bridges  by 
Eoebling. 

A  picturesque  suspension  bridge  is  that  at  Cubzac,  across  the  river 
Dordogue,  in  France,  with  five  continuous  spans  of  363  feet  each,  the 
towers  being  constructed  of  iron  (iron  towers  82  feet  high  ;  total  height 
of  towers  above  low  water  =  126  feet). 

Iron  towers  also  are  used  at  the  chain  bridge  at  Seraing,  in  Belgium, 
and  at  the  chain  bridge  at  MueliUiehn,  on  the  Ruhr,  in  Prussia. 

Since  the  accident  of  the  wire  bridge  at  Angers,  in  France,  in  the 
year  1850,  many  of  the  wire  bridges  in  Paris  have  been  replaced  by  truss 
and  arch  structures,  and  a  law  is  introduced  directing  tests  of  wire 
bridges  from  time  to  time.  During  such  a  test  in  the  year  1861,  the 
suspension  bridge  at  Mirabel  sur  L'Eggues  broke  down,  the  cable  having 
been  destroyed  by  rust  in  the  interior. 

The  elder  Seguin  in  ilie  year  1840  had  an  opportunity  to  apply  the  old 
American  method  of  stiffening  suspension  bridges,  which  he  aijpreciated 
highly,  as  has  been  demonstrated.  He  was  the  first  vian,  at  least  in 
Europe,  tvho  built  a  suspension  bridge  for  railway  purposes,  and  with  full 
success. 

His  work  was  an  auxiliary  susjiension  bridge  across  the  Soane  river, 
built  in  the  year  1840,  when  some  spans  of  the  wooden  railway  bridge 
were  swept  away.  The  two  spans  of  his  bridge  were  137.5  feet  each, 
the  deflection  of  the  cables  was  16i  feet,  girders  8j  feet  high,  composed 
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of  wooden  beams  9  inches  by  2i  inches,  and  chords  of  13  inches  by  6J 
inches,  connected  with  the  longitudinal  beams  of  the  floor  by  screw-bolts, 
and  kept  in  vertical  position  by  braces,  were  to  stiffen  the  floor  vertically. 
The  three  cables  on  each  side  were  connected  by  numerous  ligatures. 
This  new  bridge  was  reported  to  have  been  as  stiff  as  the  former  truss 
bridge,  and  was  used  as  a  railroad  bridge  during  four  years  with  j)erfect 
success,  and  then  the  remaining  wooden  frame  bridge  as  well  as  the  sus- 
pension bridge  were  replaced  by  a  stone  structure. 

This  bridge  also  had  neither  stays  to  support  the  floor,  nor  stays  to 
add  for  horizontal  stifi'ness. 

Our  vice-i)resident,  Mr.  Julius  W.  Adams,  kindly  showed  me  a  plan  of 
a  stiffened  railroad  suspension  bridge  across  Kentucky  river,  at  Frank- 
fort, which  he  passed  over  in  the  year  1852.  It  had  been  built  some 
years  previously,  but  pre6isely  when,  or  by  whom,  he  was  unable  to 
ascertain.  It  is  possible  that  it  was  built  before  Seguin's  structure. 
Besides  this,  it  had  also  no  stays.  The  spans  of  this  stiffened  suspension 
bridge  were  one  hundred,  two  hundred  and  sixty-one,  and  two  hundred 
feet,  the  lattice  girder  was  six  feet  high,  the  distances  of  suspension  rods 
and  like-wise  of  the  cross-bearers  equal  to  three  feet,  and  floor  with 
gij'ders  had  the  calculated  weight  of  nine  hundred  and  thirty  pounds  per 
lineal  foot. 

In  the  year  1842,  the  Austrian  engineer,  Schnirch,  who  built  the  Mell- 
known  suspension  bridge  at  Prague,  proposed  a  new  system  of  suspen- 
sion bridges,  the  curves  consisting  of  two  pairs  of  parallel  chains,  one 
above  the  other,  and  both  connected  by  triangular  trussings.  At  these 
bridges  the  chains  themselves  represent  a  stiff  inverted  arch,  and  are  to 
be  calculated  only  as  such.  A  bridge  of  this  kind,  before  Schnirch  had 
occasion  to  introduce  his  system  in  practice,  was  carried  out  in  Switzer- 
land, across  the  river  Aar,  near  Aarau,  but  the  distance  of  the  chains  was 
too  small  to  be  considered  as  sufficient. 

Schnii-ch's  plan  Avas  carried  out  for  two  tracks  in  Vienna,  in  the  year 
1861,  to  bridge  a  canal  of  the  Danube  river.  As  Schnirch's  plan  is  of  so 
■old  origin,  and  an  ingenious  invention ;  and  as  the  suspension  railroad 
bridge  in  Vienna  is,  until  this  day,  the  best,  though  not  the  longest 
stiffened  suspension  bridge,  I  will  proceed  to  describe  it. 

Two  parallel  chains  on  each  side,  consisting  of  alternately  eight  and 
nine  link-plates  each,  are  placed  at  a  distance  assart  of  4.1  feet.  The 
trussing  consists  of  a  single  triangular  system,  the  diagonals  being  6.4 
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feet  long,  the  links  of  tlie  chains  are  ten  feet  long,  and  six  by  1.35  inch 
and  six  by  1.16  inch,  respectively  ;  two  pairs  of  chains,  in  a  distance  of 
thirty-one  feet  from  centre  to  centre,  limit  the  floor  sideways ;  four 
longitudinal  trusses  of  wrought-iron,  consisting  of  uprights  and  crossing 
diagonals  are  made  to  stiifen  the  floor  and  to  offer  suitable  points  of 
attachments  to  the  suspension  rods,  at  distances  of  about  five  feet. 
The  suspension  rods  themselves  are  made  adjustable.  The  longitudinal 
trusses  are  2.5  feet  high,  and  represent  likewise  the. chords  for  a 
horizontal  trussing,  the  uprights  of  which  ai'e  the  cross-bearers,  iron 
girders  of  2.5  feet  height,  and  the  diagonals  are  strong  iron  bars,  fastened 
by  rivets. 

The  span  is  two  hundred  and  fifty-two  feet ;  anchorage,  architecture 
of  piers,  and  performance  are  entirely  successful. 

Though  this  bridge  has  no  great  span,  it  is  to  be  regarded  as  the 
best  and  most  comi^lete,  in  point  of  principle,  of  all  existing  suspen- 
sion bridges.  I,  therefore,  believe  it  is  an  act  of  justice  to  give  to  a 
man  of  the  originality  of  Mr.  Sclmirch  the  honor  which  he  has  a  right  to 
claim. 

During  this  time  the  American  engineers,  occupied  in  improving  the 
wooden  truss-bridges,  did  not  forget  to  appreciate  suspension  bridges, 
and  that  they  constructed  the  greatest  spans  is  well  known.  I  mention 
the  former  Niagara  bridge,  of  one  thousand  and  forty-two  feet  span  ; 
EUet's  Niagara  bridge,  of  seven  hundred  and  sixty  feet  ;  and  the  unfor- 
tunate Ohio  bridge,  at  Wheeling,  of  one  thousand  and  ten  feet  span. 
The  latter,  without  any  kind  of  stiflfeuing,  succumbed  to  a  heavy  hurri- 
cane, in  the  year  1854.  Stays  would  not  have  prevented  this  accident, 
for,  under  the  same  circumstances,  stays  were  rejected  at  an  early  day 
of  this  century. 

At  the  time  when  the  Britannia  tubular  bridge  was  to  be  built,  R. 
Stephenson  j)roposed  a  stiff  suspension  bridge,  in  form  of  an  iron  tube, 
suspended  by  chains.  Many  and  costly  models  were  built,  as  at  this 
time  no  theories  existed  either  of  truss  or  of  suspension  bridges.  The 
tubes  in  these  models  were  made  stronger  and  stronger  after  every  ex- 
periment ;  and,  lastly,  the  chains  were  no  longer  necessary  and  were  dis- 
pensed with,  and  the  iron  tubular  bridge  was  the  result. 

It  is  plain  that  the  Niagara  railroad  bridge  is  the  direct  application  of 
Stephenson's  plan. 

This  work,   as  well  as  the  Cincinnati  bridge,  is  sufficiently  known, 
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and  therefore  I  do  not  consider  it  to  be  necessary  to  describe  them,  nor 
to  demonstrate  that  they  are  to  be  appreciated  as  great  works  of  Ameri- 
can enterprise  and  boklness,  but  exhibit  nothing  commendable  in  the 
way  of  invention. 

Before  finishing  this  short  sketch  of  the  history  of  suspension 
bridges,  I  have  still  to  mention  that  the  third  possible  arrangement  to 
stiffen  a  suspension  bridge  was  carried  out  in  London  in  the  year  1862 
by  the  engineer  Bnrlow,  who  bridged  the  Thames  by  three  single  spans 
of  two  hundred  and  eighty  feet  each.  This  woi'k  is  named  the  Lambeth 
Bridge. 

The  said  system  consists  of  cables,  horizontal  beams,  and  uprights, 
with  diagonals  between  the  cables  and  beams,  so  that  these  represent  the 
chords  of  the  truss  work.  This  arrangement  is  the  most  objectionable 
of  the  three  possible  manners  of  stiffening  susi^ension  bridges. 

The  detailed  construction  as  furnished  by  Barlow  is  unnecessarily 
complicated,  and  the  tube,  this  favorite  monster  of  English  engineering, 
is  not  forgotten. 


Notice. — Members  receiving  the  Transactions  are  requested  to  advise 
the  Secretary  thereof,  and  to  notify  him  of  change  of  residence 
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Address  of  Hon.    W.  J.    McAxpine  on  assuming  the   Chair   after   his 
election  as  President  of  the  Society,  September  2,  1868. 


Gentlemen  : — In  accordance  with  the  custom  of  societies  of  this  char- 
acter, on  taking  the  chair  I  have  prepared  an  address,  in  which,  after 
some  personal  preliminary  remarks,  I  have  called  attention  to  the  bene- 
fits and  advantages  of  our  Society  to  the  profession  in  this  country,  and 
have  made  some  suggestions,  which  ^vill,  I  think,  promote  its  usefulness  ; 
I  have  also  called  attention  to  the  effect  of  similar  societies  elsewhere, 
in  advancing  the  dignity  and  influence  of  the  profession,  as  well  as  the 
individuiil  interests  of  the  members. 

I  have  made  a  brief  statement  of  the  advancements  in  engineering 
within  a  recent  period,  and  the  immediate  application  of  all  of  the  dis- 
coveries in  the  kindred  sciences  to  the  purposes  which  the  engineers 
may  have  had  in  hand. 

I  am  very  much  gratified  with  this  mark  of  your  kindness,  in  placing 
me  at  the  head  of  this  Society,  an  honor  which  I  feel  that  I  owe  to  your 
partiality  towards  me,  although  I  am  a  non-resident  member. 

It  is  well  known,  I  believe,  that  I  earnestly  recommended  the  selec- 
tion of  a  resident  member  to  fill  the  vacancy  caused  by  Mr.  Kirkwood's 
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resignation,  and  that  I  stated  that  my  engagements  for  some  time  hence, 
would  keep  me  from  New  York,  and  prevent  as  much  attention  to  the 
duties  of  President  as  the  interests  of  the  Society  demanded. 

You  have  overruled  these  objections,  and  I  therefore  most  cheerfully 
undertake  the  duties,  with  tlie  renewed  pledge  to  do  all  in  my  power  to 
advance  the  interests  of  the  Society,  and  promote  a  cordial  feeling  among 
the  members. 

I  need  hardly  remind  you,  gentlemen,  that  our  Society  cannot  con- 
tinue prosperous  by  the  exertions  of  any  small  number  of  its  members, 
however  zealous  or  influential  they  may  be. 

If  we  are  to  succeed,  it  must  be  by  the  united,  cordial,  earnest  efforts 
of  a.  considerable  number  for  the  next  two  or  three  years  ;  and  I  thei-e- 
fore  most  earnestly  urge  this  zealous  co-operation  in  all  of  the  measures 
which  have  been  inaugurated,  or  which  may  be  adopted  for  promoting 
the  objects  of  our  association. 

The  cultivation  of  a  cordial  and  fraternal  feeling  is  equally  neces-. 
sary,  and  will  render  our  meetings  a  source  of  pleasure  as  well  as  of 
profit. 

The  true  engineer  loves,  and  is  devoted  to  his  profession.  He  believes 
it  to  be  "the  noblest  of  them  all,"  giving  scope  to  higher  and  deeper 
thoughts,  and  wider  range  for  the  intellect,  but  especially  to  those 
thoughts  which  are  immediately  beneficial  to  mankind. 

Our  Society  has  been  established  for  the  purpose  of  advancing 
knowledge,  science,  and  practical  skill  among  its  members,  by  an  inter- 
change of  thoughts,  studies,  and  experiences. 

The  necessity  of  a  Society  to  promote  these  objects  has  been  long 
acknowledged,  and  many  attempts  have  heretofore  been  made  to  form 
one. 

The  original  efforts  in  behalf  of  our  own  institution  ought  not  to  have 
failed.  It  embraced  almost  all  of  the  engineers  in  and  near  the  metrop- 
olis, and  some  from  the  interior.  They  entered  upon  the  project  with  a 
zeal  and  earnestness  that  deserved  success.  Less  than  a  dozen  of  our 
present  members  struggled  on  manfully  for  a  couple  of  years,  but  the 
task  was  too  onerous  for  them  unaided  by  the  others,  and  they  had 
finally  to  yield  to  untoward  circumstances,  and  for  ten  years  the  Society 
slumbered. 

I  take  shame  to  myself  for  neglecting  my  duty  in  that  struggle. 


47 

Absorbed  in  the  care  of  important  works  at  a  distance  from  New 
York,  I  did  not  then  realize  the  great  benefits  which  I  might  have  re- 
ceived from  the  Society. 

Others  from  the  interior,  like  myself,  were  also  absorbed,  each  in  his 
individual  works,  and  did  not  perceive  that  we  could  lighten  our  labors, 
increase  our  knowledge,  and  secure  better  success  in  our  various  under- 
takings, by  associating  with  those  engaged  in  kindred  pursuits,  some  of 
whom  were  working  out  singly  the  same  jDroblems. 

This  Society  has  cause  to  remember  with  gratitude  the  valuable 
services  of  our  first  President,  Mr.  Laurie,  and  among  other  things  for 
his  care  of  its  funds,  which,  under  his  judicious  management,  were 
doubled. 

In  less  careful  hands  they  might  have  been  improvidently  expended, 
or  proved  only  a  "  buried  talent." 

To  our  zealous  and  faithful  Secretary  and  Treasurer,  Mr.  Morse,  is 
also  due  our  grateful  thanks. 

And  while -on  this  subject,  it  is  proper  to  add  the  names  of  the  early 
managers  to  whom  I  have  alluded,  our  late  President,  Mr.  Kirkwood, 
Messrs.  Talcott,  Adams,  Craven,  Greene,  CoiJelaud,  Swift,  Ford,  and 
Smith,  and  some  others. 

Our  revived  Society  has  been  nearly  a  year  in  operation,  and  it  now 
devolves  upon  the  present  members  (including  those  already  named)  to 
determine  whether  it  shall  be  successful. 

With  the  funds  which  have  been  so  carefully  preserved  we  have  fitted 
up  these  convenient  rooms,  and  offer  them  to  the  use  of  the  whole  pro- 
fession when  visiting  New^  York.  It  is  intended  to  make  them  the 
"chamber  of  engineering,"  where  those  from  other  cities  and  the  in- 
terior, during  their  sojourn  in  town,  may  daily  meet — not  the  loca 
members  alone,  but  other  visitors — where,  if  they  desire,  they  may 
introduce  for  discussion  any  engineering  question  ;  where  they  can  leave 
on  the  "  Visitors'  Record  "  their  city  aldress,  and  ascertain  the  addresses 
of  other  visitors  to  the  city,  and  where  gentlemen,  desirous  of  meeting 
engineers  on  business,  may  hear  of  and  from  them. 

A  desk  and  other  conveniences  are  at  the  service  of  any  of  the  pro- 
fession, and  we  shall  never  feel  more  happy  than  when  our  rooms  are 
thus  availed  of,  and  when  the  demand  shall  be  for  more  of  these 
accommodations. 

Intercourse  between  the  engineers  of  this  country  has  now  become  a 
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necessity.     They  cannot,  as  formerly,  carry  on  theii-  works  without  a 
knowledge  of  the  j^rogress  which  has  been  made  in  the  profession. 

The  world  itself  has  become  too  w^ell  educated  to  tolerate  for  long  the 
charlatan,  and  it  soon  strips  the  lion's  hide  from  the  ass. 

The  great  discoveries  which  are  almost  daily  made  in  other  branches 
of  knowledge,  and  their  application  to  the  purposes  of  the  engineer  ;  the 
trials  of  new  materials,  machines,  and  methods,  and  of  new  applications 
of  old  ones  ;  the  rapid  dissemination  of  these  apjjlications  over  the  civil- 
ized world,  by  telegraph,  newsj^apers,  and  books,  but  especially  by 
intercourse,  7iow  leaves  the  engineer  no  excuse  for  neglecting  the  most 
suitable  materials,  machines,  and  methods  for  accomplishing  the  results 
demanded  of  him. 

The  modern  engineer  who  neglects  an^/  of  these  aids,  may  rest  assured 
that  sooner  or  later  he  will  be  shelved,  and  his  place  supplied  by  one  of 
those  who  by  closer  study  and  better  acquaintance  with  modern  devel- 
opments, is  entitled  to  the  position. 

And  this  demonstrates  one  of  the  advantages  which  our  institution 
offers  to  those  engaged  in  working  practically  the  great  problems  of  the 
day. 

flere  they  can  meet  others  engaged  either  in  the  same  or  a  kindred 
line  of  labor  or  thought,  with  whom  they  may  interchange  experiences 
and  reflections.  Here  they  can  learn  all  that  is  published  in  regard  to 
anything  useful  in  their  particular  pursuit,  and  thereby  not  only  avoid 
past  errors,  but  achieve  new  results  from  advanced  standpoints,  which 
will  secui'e  to  them  fame  and  i^rofit. 

My  engagements  lead  me  to  more  intercourse  with  engineers  of  the 
interior  than  many  of  you,  and  I  can  therefore  speak  of  the  feelings  and 
interests  of  that  class  whom  Mr.  Kirkwood  has  so  pertinently  referred  to 
as  necessary  to  the  success  of  our  Society. 

When  I  meet  these  gentlemen  and  advocate  the  Society,  I  am  asked, 
"What  benefits  do  you  propose  to  confer  upon  us!  We  can  readily 
see  that  the  Society  may  be  made  very  interesting  and  useful  to  the 
city  members,  but  what  good  shall  we  receive  from  dissociation  with 
them  ?" 

Of  course  I  can  show  them  a  good  many  advantages  which  will 
enure  to  them  by  becoming  members  ;  but  I  think  that  we  can  do  more 
than  we  have  hitherto  done,  and  with  a  little  effort  Ave  can  offer  them 
more  equivalents  for  their  contributions  of  papers  aud  money  ;  and  if 
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we  do  this,  we  sliall  secure  exactly  what  our  Society  in  its  infancy  most 
needs,  viz. : 

1.  To  make  its  advantages  more  generally  known  to  the  profession 
and  to  the  public,  and  thereby  obtain  for  it  a  higher  standing  and  more 
influence  with  both. 

2.  To  acquire  more  members  from  that  class  of  practical  engineers 
who  are  daily  demonstrating  the  same  problems  which  the  student  and 
man  of  leisure  is  examining  theoretically. 

3.  To  maintain  the  financial  success  of  the  Society  and  render  it 
really  self-sustaining,  instead  of  taxing  uneqiially  a  small  number  of  its 
earnest  supporters. 

I  have  found  it  necessary  to  explain,  that  the  actual  existence  of  the 
Society  has  heretofore,  and  must  hereafter  depend  mainly  upon  the 
zealous  interest  of  the  resident  members,  and  that  the  hard  work  must 
be  done  by  them,  or  it  will  not  be  done  at  all,  and  the  Society  will  again 
die  out. 

It  is  proper  and  necessary  that  the  managers  should  be  selected  from 
the  workers,  and  from  this  cause  the  officers  have  been  chosen  from 
among  the  city  members,  and  I  have  felt  it  my  duty  to  make  known 
how  much  the  Society  is  indebted  to  them  for  contributions  of  what 
is  of  much  more  value  than  money,  viz.,  their  time  and  their  thoughts. 

When  we  shall  have  become  stronger  as  an  institution  I  shall  pro- 
pose, as  a  condition  of  membership,  that  the  candidate  shall  offer  a 
thesis  on  some  professional  subject  ;  and  I  am  not  certain  but  that  we 
ought  also  to  require  from  each  member  the  annual  contribution  of  a 
paper,  description  or  drawing  of  some  work  of  interest. 

I  fear  that  our  experienced  engineers,  especially  those  of  the  old 
school,  become  indolent  in  recording  their  operations  as  they  grow 
older. 

If  we  had  among  our  archives  the  records  of  a  tithe  of  the  ex- 
perience of  these  engineers,  it  would  render  our  Society  so  attractive, 
that  we  would  secure  as  members  almost  every  practicing  engineer  in 
the  country. 

Among  other  means  of  securing  more  interest  on  the  part  of  the 
members  from  other  cities  and  the  interior,  I  would  suggest  an  amend- 
ment of  the  constitution  which  would  allow  those  residing  beyond  the 
metropolitan  district  to  vote  by  letter  for  the  officers  at  the  annual 
elections. 
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I  am  aware  that  this  is  not  in  accordance  with  the  practice  of  other 
societies,  the  main  objection  being  that  an  absent  member  has  no  oppor- 
tunity of  comparing  opinions  on  the  qualifications  of  the  candidates 
with  the  other  members,  and  therefore  has  to  rely  wholly  on  his  own 
judgment,  and  may  sometimes  be  led  to  vote  on  the  ex  p<rrle  representa- 
tions of  an  ambitious  but  unqualified  member. 

If  the  elections  are  made  by  jjersonal  voting,  it  is  necessarily  confined 
to  a  very  small  i^roj^ortion  of  the  members,  of  whom  the  residents  will 
generally  be  a  majority,  and  thus  the  selection  will  be  made  by  a  few 
persons  only. 

The  local  members  must,  in  any  event,  wield  an  influential  and  prob- 
ably controlling  power  over  the  management,  and  they  can,  at  almost 
any  meeting,  mould  and  direct  the  measures  of  the  Society,  so  that  if  an 
unfortunate  selection  of  oflScers  should  at  any  time  be  made,  they  can 
control  the  executive  as  completely  as  we  have  lately  witnessed  in  our 
national  aifairs. 

If  the  country  members  are  allowed  to  vote  by  letter  it  will  increase 
their  interest  in  the  Society,  and  they  will  feel  that  they  have  an  equal 
share  in  its  management  and  responsibilities. 

It  is  doubtful  whether  they  will  frequently  avail  of  the  privilege,  but 
they  will  probably  be  better  contented  with  the  selections  made,  by 
having  a  voice  which  they  can  use  whenever  they  deem  proper. 

The  plans  which  have  been  agreed  ui^on  for  the  establishment  of  a 
permanent  publication  fund  are  of  the  utmost  importance,  and  I  feel 
great  confidence  that  they  will  be  successful.  If  we  succeed  in  estab- 
lishing our  Society  on  a  firm  basis  there  is  no  doubt  of  the  success  of 
the  plan. 

The  committee  which  has  this  matter  in  hand,  has  j^repared  a  report 
which  will  soon  be  jolaced  before  the  members.  I  allude  to  this  subject 
to  enable  me  to  urge  upon  every  one  of  our  members  to  make  it  his 
special  duty  to  aid  in  carrying  out  this  i)lau. 

The  benefits  and  advantages  of  our  Society  to  the  Engineers  of  the 
United  States,  have  been  the  subject  of  our  worthy  late  President's 
address,  to  which  I  beg  to  recall  your  attention. 

There  is  no  profession  which  us  not  a  similar  association  of  its  mem- 
bers, and  until  we  have  established  our  Society  ui)on  a  stable  basis,  we 
shall  not  be  regarded  by  the  public  as  having  really  attained  a  profes- 
sional character. 
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Those  engineers  who  by  long  study  and  practice  are  entitled  to  rank 
themselves  in  the  profession,,  have  had  but  little  advantage  over  those 
who  have  assumed  the  name  of  engineers  without  much  of  either,  be- 
cause there  has  been  no  standard  by  which  the  public  could  judge  of 
their  qualifications. 

We  all  know  that  the  profession  has  suffered  seriously  in  the  public 
estimation  by  confounding  the  former  with  the  latter,  and  applying  to 
us,  as  a  class,  the  criticisms  which  are  justly  made  upon  the  conduct 
and  works  of  those  whom  we  cannot  recognize  as  engineers. 

It  will  not  be  long  before  this  institution  will  become  strong  enough 
to  waiTant  the  requirement  of  a  standard  of  attainment  for  candidates  for 
membership,  and  more  than  a  mere  money  contribution  to  maintain  it. 

For  the  present,  however,  we  must  be  content  with  our  present  safe- 
guards against  the  admission  of  those  who  are  not  entitled  to  rank  as 
engineers. 

With  this  progress  our  Society  will  manifest  a  power  which  will  be 
acknowledged,  and  the  public  will  then  deem  it  unsafe  to  entrust  the 
conduct  of  important  public  works  to  those  who  are  not  members,  and 
our  Society,  without  making  itself  offensive,  will  indicate  w^io  are,  and 
to  some  extent,  who  are  not  entitled  to  professional  employment. 

I  cannot  better  illustrate  the  benefits  and  advantages  which  our 
Society  is  capable  of  conferring  upon  its  members,  than  by  referring  to 
those  of  the  same  character  in  Europe,  and  especially  to  that  of  London, 
where  the  people  and  circumstances  most  resemble  our  own. 

The  London  Institution  of  Engineers  consists  of  more  than  a  tliousand 
of  the  profession  in  Great  Britain,  and  embraces  what  may  almost  be 
said  to  be,  the  entire  body,  for  there  are  but  few  of  any  standing  in  the 
kingdom  or  its  colonies,  who  are  not  members,  and  those  few,  have  in 
most  cases  some  personal  reasons  for  non-membership. 

It  is  well  known  that  hardly  any  important  public  work  is  undertaken, 
which  has  not  secured  the  approbation  of  this  Society,  or  at  least  of  a 
considerable  number  of  its  leading  members. 

Even  Parliament  defers  to  its  decisions  to  a  considerable  extent,  and 
the  institution  which  holds  weekly  meetings  during  the  legislative  ses- 
sions, is  frequently  alluded  to  as  "  The  Parliament  of  Engineers." 

The  members  are  expected  to  furnish  papers  on  professional  subjects, 
which  are  examined  by  the  couucil,  and  those  of  most  interest  are 
noticed  for  reading  and  discussion  by  the  Society  ;  the  discussions  often 
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members  only  ;  they  cannot  be  procured  by  purchase  except  by  members. 

For  tour  months  I  attended  every  meeting  of  the  institution,  and  never, 
in  the  same  length  of  time,  derived  so  much  valuable  information. 

The  discussions  were  carried  on  by  those  who  were  best  acquainted 
with  the  subject  presented,  and  also  frequently  by  the  junior  members. 

It  was  a  rare  treat  to  listen  to  the  experiences  of  the  veteran  Vignoles, 
the  opinions  of  Barlow,  Fowler,  Gregory,  Cubitt,  Eussell,  Hawkshaw, 
Whitworth,  Hemans,  and  Bateman,  and  a  hundred  more  of  the  eminent 
men  of  the  profession. 

Every  subject  j)resented,  was  most  thoroughly  discussed,  and  the 
concentrated  opinions  and  judgment  of  these  great  men  was  had  upon 
the  most  important  tojsics  of  engineering. 

The  annual  volumes  of  the  minutes  of  this  Society,  as  may  be  sup- 
posed, form  almost  of  themselves  a  library  for  an  engineer. 

The  history  of  this  Society  should  give  us  great  encouragement.  In 
1771  Smeaton  and  a  few  others  oi'ganized  a  club  of  engineei'S  who  met  at 
a  tavern.  Twenty  years  later  it  consisted  of  nearly  seventy  members, 
but  only  fifteen  of  these  were  engineers  ;  among  these  were  Mylne, 
Jessop,  Whitworth,  Boulton,  Rennie,  and  Watt. 

An  unfortunate  personal  difficulty  between  one  of  the  members  and 
Mr.  Smeaton  broke  up  the  Society,  but  it  was  reorganized  a  year  later, 
and  still  exists  iinder  the  name  of  the  "  Smeatonian  Society."  Eighteen 
months  ago  I  attended  the  annual  dinner,  and  met  several  of  the  lineal 
descendants  of  the  original  members,  and  observed  that  they  still  con- 
tinued the  custom  of  marking  their  regai'd  to  its  founder  by  a  toast  to 
the  memory  of  Smeaton. 

The  present  Institution  of  Civil  Engineers  was  an  outgrowth  from  this 
Society,  and  was  established  in  1818,  and  incorporated  by  Royal  Charter 
in  1828.  Fourteen  years  afterwards  they  had  five  hundred  and  twenty- 
five  members,  and  now  number  over  fourteen  hundred. 

In  18G7  they  had  as  follows  : 

Honorary  members 20 

Members 541 

Associates 771 

Graduates 7 — 1,339. 

The  annual  receipts  were,  £6,300. 

And  the  expenditures,  £7,254. 
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With  several  funds  amounting  to  £26,709,  of  which  £11,155  was  a 
trust  fund,  the  interest  of  which  in  part  was  expended  for  the  annual 
premiums  awarded  in  medals,  such  as  the  Telford,  Watt,  Manby,  etc., 
for  the  best  papers. 

The  annual  cost  of  publishing  the  minutes  of  the  i)roceedings  of  the 
Society  is  about  £1,800. 

There  have  been  similar  societies  of  engineers  established  in  France, 
Belgium,  and  Prussia.  Those  in  the  other  European  countries  are  either 
semi-military  academies  or  societies  under  the  control  of  the  Govern- 
ment. 

The  profession  to  which  we  belong  flourishes  best  where  civilization 
is  most  complete.  It  may  almost  be  considered  as  one  of  the  luxuries 
which  refinement  converts  into  a  necessity. 

The  comparatively  small  resisect  which,  at  an  earlier  day,  was  paid  to 
its  members,  was  due  as  much  to  the  ruder  condition  of  society  as  to  the 
want  of  culture  and  experience  on  the  part  of  the  engineers. 

Civilization  is  accompanied  by  a  division  of  labor,  which  results  in 
the  attainment  of  greater  perfection  in  each  line,  than  if  each  individual 
was  devoted  to  several  jjursuits. 

Engineering  in  Rome,  Egypt,  India,  and  even  in  China,  reached  its 
highest  eminence  during  the  periods  when  those  nations  had,  each 
respectively,  attained  their  highest  degree  of  enlightenment,  and  though 
they  exhibited  works  of  great  magnitude,  the  conception  of  great  minds 
and  executed  with  great  skill,  yet  those  of  modern  engineers  far  surpass 
them  in  all  these  particulars. 

The  canals  of  Egypt,  India  and  China,  are  far  exceeded  in  con- 
ception, magnitude,  and  execution,  by  the  modern  ones  of  Europe  and 
America. 

The  great  military  roads  which  radiated  from  Eome  to  the  extremity 
of  her  empire,  dwindle  into  comparative  insignificance  with  the  modern 
railways,  which  cover  the  civilized  portion  of  the  globe,  and  those 
crossing  the  Alps  and  the  Rocky  Mountains. 

None  of  the  ancient  bridges  will  comjDare  with  the  Menai,  Niagara, 
and  a  hundred  others,  and  the  largest  galleys  would  be  but  yawl  boats 
for  the  Great  Eastern. 

The  most  eminent  of  the  ancient  engineers  never  conceived  of  an 
Atlantic  Telegraph,  or  the  application  of  steam  to  water  and  land  pro- 
pulsion, or  to  the  movement  of  machinery. 
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But  most  of  all  is  modern  engineering  exhibited  in  tlie  worksliops, 
filled  with  ponderous  machines,  capable  of  turning  out  masses  and  form 
of  wrought  metal  that  now  give  the  engineer  almost  unlimited  power 
over  the  forces  of  nature. 

A  century  ago,  our  country  then  so  recently  settled,  almost  belonged 
to  the  ruder  conditions  of  society,  and  there  was  hardly  any  call  for  the 
services  of  the  engineer. 

Daring  this  century  society  here  has  advanced  with  a  stride  unparal- 
leled in  the  history  of  the  world  ;  and  with  it  has  been  the  demand  for 
the  science,  skill  and  talent  of  the  engineer,  to  such  an  extent  that  it 
has  brought  it  up  from  a  trade  to  the  dignity  of  one  of  the  liberal  pro- 
fessions. 

Even  one-half  of  a  century  ago,  the  most  eminent  of  our  engineers 
were  chiefly  those  who  had  been  recruited  from  other  professions  or 
trades,  to  whom  the  modern  applications  of  science  were  almost  un- 
known. 

We  have  passed  through  a  period,  when  practical  knowledge  and 
long  experience  have  been  to  some  degree  ignored  in  favor  of  theoretic 
scientific  knowledge,  and  at  last  reached  a  period  when  both  are 
demanded. 

During  these  changes  in  society,  engineering  works  did  not  keep 
pace  with  the  jirogress  made  in  other  matters,  and  we  are  now  just 
beginning  to  replace  the  earlier  rude  works,  and  this  labor  calls  for  even 
more  talent  than  it  would  have  required  to  originally  construct  them  in 
the  finished  manner  of  the  present  time. 

The  progress  of  civilization  and  refinement  in  our  country  will  here- 
after be  as  raj)id  as  it  has  been  during  the  present  century,  and  the 
engineer  will  be  more  and  more  called  upon  to  conceive,  design,  and 
execute  works  commensurate  with  the  advancing  ideas  of  the  age. 

The  engineers  who  are  to  take  our  places  must  combine  the  highest 
degree  of  knowledge  with  the  greatest  skill  and  experience. 

We  of  the  older  school  have  fought  a  long  and  severe  battle  to  bring 
the  profession  up  to  its  present  position.  The  rising  school  must  con- 
tinue the  contest  with  the  same  earnestness  to  maintain  its  rank  with 
the  other  professions. 

Of  an  earnest  and  sanguine  temperament,  I  cannot  doubt  but  that  our 
Society  will  be  the  means  of  accomplishing  much  toward  this  end,  and 
that  it  will  become  as  important  and  influential  as  that  of  London.     I 
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am  too  old  to  hope  to  see  the  day  when  our  Society  -will  rank  equally 
with  those  of  Europe,  but  our  younger  members  will,  I  am  confident, 
^vitness  it. 

Meanwhile  we  must  all  do  our  share  of  the  work  necessary  to  accom- 
plish tbis  result  ;  and  if  those  to  whom  I  have  already  alluded  will  con- 
tinue their  earnest  and  zealous  efforts,  combined  with  similar  exertions 
on  the  part  of  the  other  members,  it  will  immediately  give  our  Society  a 
position  which  will  make  every  one  of  us  proud  of  the  title  of  a 

"Membek  of  the  Ajierican  Society  of  Engineers." 
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An  Accoimt  of  the  Method  adopted  to  Repair  a  Breach  in 
the  Earthen  Dam  of  the  Storing  Reservoir  of  the  New 
Bedford  Waterworks.  By  William  J.  McAlpine, 
Member  of  the  Society. 

'  \Vk  ijcarn  mo:!e  from  our  failures,  than  from  our  successes." 

Ix  the  autnimi  of  18C6  an  earthen  dam  was  built  across  a  small  valley 
near  the  head  of  the  ^cushnet  river,  to  form  the  storing  reservoir  of  the 
New  Bedford  Waterworks. 

The  dam  was  six  hundred  feet  long,  twenty-five  high,  twenty  feet  wide 
on  top,  with  slopes  on  each  side  of  two  to  one. 

The  left  bank  of  the  valley  was  thirty  feet  above  the  level  of  the 
swamp,  and  a  table  extended  eastward  for  half  a  mile  at  nearly  the  same 
level.  The  right  bank  rose  to  a  level  of  fifty  feet,  and  extended  westward 
over  an  irregular  but  higher  district  of  land. 

The  earth  about  the  dam,  and  for  many  miles  in  every  direction,  is  the 
decomposed  primary  rocks,  similar  to  that  of  the  general  coast  range,  be- 
ing coarse  and  fine  gravel  and  sand,  with  a  little  vegetable  loam  on  the 
surface,  and  with  n(j  clay  or  almost  none.  Large  beds  of  exceedingly  fine 
sand  (chiefly  micacions)  are  frequently  found,  and  occasionally  beds  of 
hard  pan  composed  of  fine  gravel,  san;!.  and  loam  compacted  by  press- 
ure. 
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The  baiik-i  of  Ihc  valley  were  oi"  coarse  and  line  gravel  and  sand,  and 
the  material  in  its  natural  position  was  somewhat  porous  and  pervious  to 
water,  but  when  removed  and  carefully  selected  and  placed  in  an  artili- 
cial  bank  of  considerable  size  was  perfectly  water-tight. 

Tlie  dam  was  built  in  the  middle  of  a  heavy  wooded  twamj).  The  sur- 
face was  muck  for  a  deptli  of  two  to  six  leet,  and  in  one  place  (an  old 
river  channel)  the  muck  extended  to  a  depth  of  twelve  feet. 

Below  the  muck  was  a  stratum  of  hard  pan  of  irregular  thickness  from 
one  to  three  feet,  and  beneath  this  was  a  bed  of  fine  sand,  which  by  sub- 
sidence and  pressure  was  so  hard  as  often  to  require  to  be  picked  before 
it  could  be  removed  with  the  shovel. 

The  soundings  showed  an  irregular  surface  of  rock  at  a  depth  of  twenty 
to  thirty  feet. 

At  the  west  em]  of  the  dam  the  stratum  of  hard  })aii  disappeared,  and 
the  sand  rose  up  in  the  right  bank  of  the  valley  to  a  level  of  twelve  feet 
higher  than  in  the  swamp. 

The  earthen  dam  was  exceedingly  well  built.  There  was  a  puddle  wall 
of  ample  width  in  the  middle,  which  was  extended  in  all  cases  to  the 
hartl  pan,  and  generally  four  to  six  feet  below  it,  with  a  '•  toothed  "  bot- 
tom. The  muck  wider  the  upper  slope  of  the  dam  was  removed  to  the 
hard  pan,  and  in  some  cases  the  muck  was  also  removed  from  beneath 
the  lower  slope. 

The  ends  of  the  dam  were  pretty  well  secured  by  extending  the  puddle 
wall  well  into  the  natural  banks  of  the  valle}-. 

The  puddle  wall  was  made  of  the  best  materials  that  could  be  pro- 
cured in  the  neighborhood,  which  was  fine  gravel,  mixed  with  coarse  and 
fine  sand,  and  the  loamy  sand  from  the  surface,  all  of  which  were  incor- 
porated together  by  the  free  use  of  a  large  quantity  of  water  and  by  cut- 
ting with  spades. 

The  upper  lialf  of  the  bank  was  made  of  the  same  materials  carted  on 
in  layers  of  six  inches  and  kept  moist. 

The  upper  slojie  of  tlie  dam  was  protected  by  a  well-made  slope  wall 
of  very  large-sized  (pnirry  stone.  The  top  of  the  dam  was  carried  four 
feet  higher  than  top  water  level  in  the  reservoir.  A  waste  of  forty  feet 
length  was  built  at  the  east  end  of  the  dam,  which  it  was  considered 
would  prevent  the  water  on  the  reservoir,  even  under  the  most  cxtraor- 
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diiiciry  rain  fall,  aiul  circumstances,  from  rising  more  than  one  fo<jt  higher 
than  the  ordinary  top  water  level. 

The  reservoir  or  lake  when  full,  covered  about  t>vo  hun;lred  acres,  and 
the  water  was  twenty  feet  deep  at  the  dam. 

The  gate  house  and  waste  culvert  were  made  of  stone,  and  the  con- 
duit of  brick,  all  laid  in  excellent  hydraulic  mortar.  The  gate  house  was 
built  at  the  Avestern  end  of  the  dam  and  was  placed  at  the  foot  of  the 
upi)er  slope  of  the  bank,  and  the  waste  culvert  and  conduit  were  extend- 
ed from  it  entirely  through  the  earthen  dam.  The  foundations  of  the  gate 
house  and  culvert  were  placed  at  the  level  of  the  lowest  water  in  the 
river,  which  was  about  three  feet  lower  than  the  surface  of  the  swamp. 

The  foundation  was  made  by  placing  on  the  hard  compact  sand,  a  floor 
of  large  unhewn  blocks  of  granite,  with  the  edges  and  end  joints  ham- 
mered oflf  to  lines.  The  stones  were  laid  on  a  bed  of  hydraulic  cement 
mortar,  and  great  care  was  taken  to  fill  the  vertical  joints  tight.  The 
waste  culvert  was  in  the  form  of  a  segment  of  a  circle  of  eight  feet  chord, 
and  three  feet  versed  sine.  The  conduit  was  an  oval  of  three  and  four 
feet  diameters,  made  by  three  courses  of  brick.  Its  grade  was  five  feet 
higher  than  that  of  the  culvert,  and  it  was  supported  on  top  of  the  latter 
from  the  gate  house  to  near  the  middle  of  the  bank,  and  then  was  curved 
t)  the  right  and  was  supported  through  the  lower  half  of  the  embank- 
ment on  a  puddle  wall. 

The  lake  was  filled  with  water  during  the  early  summer  of  1867,  and  re- 
mained full  until  February,  1868.  The  dam  and  the  waste  culvert  were 
frequently  examined  during  this  period  of  six  months.  The  dam  itself 
was  perfectly  tight. 

There  was  an  inconsiderable  quantity  of  water  showing  itself  at  the 
foot  of  the  bank  at  the  east  end,  but  it  evidently  came  from  tlie  hill,  and 
perhaps  escaped  from,  the  lake  around  the  end  of  the  dam.  It  ran  for 
months,  perfectly  clear,  and  discharged  less  than  half  a  gallon  a  minute. 

A  very  small  stream  of  water  escaped  at  the  lower  end  of  the  waste 
culvert,  but  this  ran  clear,  and  evidently  came  from  the  hill  side.  The 
workmen  drank  it,  because  of  its  purity  and  low  temperature.  The  water 
in  the  lake  at  that  time  was  highly  colored,  and  at  a  comparatively  high 
temperature.  There  were  a  few  very  small  holes  in  the  bottom  stone  end 
in  the  arch,  where  veYy  cold  clear  water  escaped  almost  in  drops. 

The  a\ithor  tirst  visite.l  the  work  in  June.  1867.     The  lak.:  had  not  then 
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beeu  filled,  but  the  water  in  the  river  had  been  shut  back  so  as  to  be  at 
a  level  five  or  six  feet  higher  than  the  bottom  of  the  gate  well.  A  leak 
had  occurred  through  its  foundation  (the  stone  pavement),  which  had 
brought  up  with  tliB  water,  considerable  fine  sand.  A  new  floor  was  then 
being  laid  on  the  inside  of  the  well,  which  completely  stopped  the  leak 
at  that  place.  He  carefully  examined  the  dam  and  found  that  it  was  per- 
fectly tight,  and  the  only  leaks  of  any  kind  were  the  inconsiderable  ones 
already  mentioned,  which  he  believed  did  not  come  from  the  lake,  and 
which  were  running  clear  and  doing  no  harm.  He  had  the  lake  filled  to 
a  depth  of  eight  feet,  and  fouml  that  it  did  not  increase  the  quantity  of 
water  escaping  at  any  one  of  these  small  leaks. 

Soon  after  this  date  the  gates  were  closed  and  the  lake  began  to  fill. 
When  to  its  full  height,  a  farmer  complained  that  the  water  from  the  lake 
escaped  through  the  natural  soil  on  the  eastern  bank,  and  filled  his  cellar 
a  thousand  feet  distant  from  the  lake.  The  level  showed  that  this  water 
in  the  cellar  was  one  and  a  half  feet  lower  than  that  of  the  lake. 

I'he  author  believes  that  the  filling  of  the  lake  produced  the  rise  of 
water  in  the  cellar  by  shutting  up  the  former  subterranean  passages  of 
the  rain  water  from  the  water  shed,  wliich  discharged  into  the  valley  of 
the  river  until  the  water  was  raised  in  the  lake,  and  then  shut  off  from 
this  outlet,  had  to  rise  in  the  ground  high  enough  to  force  its  way 
through  new  passages  into  the  valley  below  the  dam,  and  thus  flooded 
the  cellar.  The  matter  is  mentioned  chiefly  to  .show  the  porous  character 
of  the  natural  soil  about  the  dam. 

About  the  middle  of  February,  1868,  there  occurred  an  exceedingly 
heavy  fall  of  rain,  and  as  there  had  been  two  months  of  previous  heavy 
rains,  and  the  ground  was  then  frozen,  the  engineer  apprehended  that  the 
water  might  rise  too  high  in  the  lake. 

He  therefore  raised  one  of  the  gates  at  the  gate  house,  giving  an  open- 
ing of  six  square  feet  under  twenty  feet  head.  Three  days  later  he  sent 
an  intelligent  man  to  close  this  gate.  This  person  asserts  positively  that 
he  shut  the  gate,  but  he  adds  that  the  water  continued  to  flow  out 
t'lrough  the  waste  cidvcrt  in  undiminished  quantity,  and  it  is  therefore 
certiiin  either  that  the  rod  attached  to  the  gate  was  broken  from  it,  and 
fuis  the  gate  was  not  closed,  or  that  the  leak  in  the  gate  well  of  the  pre- 
vious June  had  made  a  passage  under  the  gate  house,  and  hail  forced  up- 
war  1  some  of  the  paveinent  stones  of  the  waste  culvert. 
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Several  intelligent  persons  were  at  the  dam  within  one  day  of  the  time 
that  the  breach  occurred,  and  did  not  observe  anything  wrong.  There 
was  no  jjerson  that  witnessed  the  breach,  which  occurred  forty-eight 
hours  after  the  gate  was  supposed  to  have  been  closed. 

The  breach  swept  out  one  hundred  feet  in  length  of  the  embankment, 
and  discharged  probably  within  a  few  hours  three  hundred  millions  of 
gallons  of  water.  Fortunately  the  dense  cedar  forest  which  extended 
for  half  a  mile  below  the  dam,  so  much  obstructed  the  flow  of  this  large 
body  of  water  as  to  prevent  much  damage  on  the  river  below. 

The  rush  of  water  at  the  dam  undermined  the  waste  culvert  and  low- 
ered the  pavement  two  or  three  feet,  and  also  toppled  over  the  gats 
chamber. 

The  author  visited  the  work  the  middle  of  May  to  determine  upon  the 
plans  for  the  repairs  of  the  dam  and  works. 

It  was  very  important  to  discover,  if  possible,  the  causes  which  had 
produced  the  breach,  but  a  sufficient  number  of  facts  had  not  been  ascer- 
tained to  determine  these  causes  definitely,  and  it  therefore  became  ne- 
cessary to  review  all  of  those  which  miglil  have  produced  the  accident  : 

1.  The  stone  pavement  had  been  placed  on  a  bed  of  quicksand,  which 
although  very  hard  and  compact  when  dry  and  undisturbed,  became  a 
semi-fluid  m  hen  saturated  and  subjected  to  disturbance.  It  was  as  well 
bedded  in  hydraulic  cement  mortar,  and  the  joints  filled  as  close  as  pos- 
sible, but  it  was  practically  impossible  to  make  tliese  joints  all  perfectly 
tight,  and  many  of  the  openings  between  the  stones  in  i)lace3  were  of 
considerable  width. 

The  discharge  water  passing  through  the  culvert  had  a  velocity  of  ten 
feet  per  second,  which  was  sufficient  to  force  its  way  downward  into  any 
imperfect  joint,  and  to  rapidly  wear  away  any  portion  of  imperfect  mortar 
until  it  reached  the  very  fine  sand  on  which  the  pavement  rested ;  and 
this  would  be  quickly  removed  by  such  a  current  of  water,  and  cause  one 
or  more  of  the  stones  to  settle,  and  then  the  current  would  rapidly 
extend  its  efi'orts  un^er  other  stones,  and  soon  cause  the  culvert  to  settle 
and  break  and  leave  the  lake  water  free  egress  through  the  embankment. 

That  the  pavement  had  some  such  imperfect  joints  was  shown  by  the 
leak  which  had  occurred  in  June  previously,  and  that  the  pavement  was 
undermined  as  above  hypothetlcally  stated,  by  finding  the  stones  at  a 
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level   two   or   three   feet   lower   than   that  at  whirl:  they  were  originally 
laid. 

2.  The  segment  I'orni  of  the  waste  culvert  ar:'h  produced  a  horizontal 
thrust  xipon  the  stones  forming  the  foundation. 

These  stones  did  not  extend  entirely  across  the  iouudation  (trans- 
versely). That  is,  from  three  to  four  stones  were  used  to  make  up  the 
width  of  twelve  feet.  This  thrust  was  produced  by  the  \\eight  of  the 
stone  arch  and  of  a  body  of  earth,  which,  in  moist  condition,  would  bring 
a  weight  of  forty  tons  per  lineal  foot  on  the  arch,  and  to  resist  it  was  only 
the  inertia  of  half  a  ton,  the  friction  on  the  earth,  and  the  resistance  to  the 
compression  of  moist  or  wet  earth  of  less  than  two  square  feet  area. 

These  single  stones  may,  therefore,  have  been  forced  into  the  earth  hor- 
izontally, and  thus  joints  opened  to  the  attack  of  the  current  of  water,  or 
the  arch  stone  may  have  slid  upon  the  pavement,  and  in  either  case 
allowed  the  arch  to  fall  and  thus  opL-n  a  passage  for  tlie  lake  water 
Through  the  embankment. 

3.  The  conduit  had  an  unecpial  support  in  passing  thl'ough  the  embank- 
ment. From  the  gate  house  to  the  middle  it  was  firmly  supported  upon 
the  stone  waste  culvert,  and  for  tlio  lower  half  less  firmly  upon  a  puddle 
wall.  Under  the  pressure  of  the  superincumbent  weight  of  earth,  the 
conduit  would  force  itself  into  the  moist  puddle,  and  thus  by  an  unequal 
settlement,  crack  its  masonry  at  or  near  the  place  where  it  lost  the  sup- 
port of  the  culvert  masonry. 

The  heavy  rains  and  the  filling  up  of  the  waste  ditch  had  backed  the 
water  from  the  swamp  below,  so  as  to  nearly  close  the  mouth  of  the 
waste  culvert.  When  the  gate  was  raised,  the  water  in  the  well  probably 
rose  high  enough  to  allow  a  considerable  stream  to  pass  down  the 
conduit.  When  this  water  reached  the  crack  or  break  in  its  masonry 
(which  has  been  asainned  to  have  been  made  near  the  middle  of  the  em- 
bankment), it  flowed  into  the  embankment  (which  in  this  place  had  been 
made  of  fine  sand),  aiid  soon  carried  off  the  lower  half  and  eventually  the 
upper  half  of  the  bank.  • 

4.  The  water  from  the  lake  under  twenty  feet  head  might  have  forced  a 
small  passage  through  the  fine  sand  entirely  below  the  base  of  the  dam 
and  of  the  foundation  of  the  masonry,  and  gradually  enlarging  itself  have 
linally  produced  the  breach. 
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A  consideration  of  all  of  the  circumstances  of  the  case  led  to  the  belief 
that  the  breach  was  caused  by  the  first  of  the  conditions  above  named, 
and  that  it  was  probably  aided  by  the  second. 

Nevertheless,  it  was  regarded  as  prudent  to  provide  in  the  new  work  as 
far  as  possible,  against  all  of  the  causes  which  might  have  produced  the 
disaster. 

The  plans  which  were  determined  for  the  repaus  were  as  follows : 

1.  To  remove  the  quicksand  across  the  breach,  for  the  whole  width  of 
the  base  of  the  dam,  as  low  as  could  be  done  without  great  expense,  and 
replace  it  with  fine  gravel,  mixed  with  a  little  loam  (which  w-as  the  best 
material  which  could  be  procured  without  hauling  a  dozen  miles). 

2.  To  place  the  waste  culvert  at  a  level  three  feet  higher  than  in  the 
original  structure,  so  as  to  have  its  foundation  resting  on  the  greatest 
possible  depth  of  gravel,  and  to  build  the  culvert  and  conduit  as  one 
piece  of  masonry  entirely  through  the  bank. 

8.  To  place  the  gate  house  about  forty  feet  above  the  njiper  toe  of  the 
dam,  and  extend  a  bank  of  gravel  to  cover  the  culvert  and  conduit  from 
contact  with  the  water  in  the  lake. 

4.  To  place  within  the  main  bank  two  rows  of  water-tight  sheet-piling, 
which  should  extend  as  deep  as  possible  into  the  quicksand  below,  and 
at  least  twenty  feet  horizontally  into  the  old  bank  to  the  east  of  the 
breach,  and  at  least  as  far  into  the  side  hill  at  the  west,  and  to  make  a 
gravel  puddle  wall  between  these  rows  of  piling,  sunk  as  deep  and  as  far 
into  the  banks  at  the  ends  as  practicable. 

5.  To  remove  the  slope  wall  from  the  face  of  the  old  bank  and  from  the 
hill  side  for  at  least  sixty  feet  horizontally,  and  face  the  bank  anew  with 
gravel  of  three  feet  thickness  at  top  and  six  feet  at  bottom  (at  right 
angles  to  the  slope). 

To  foot  this  facing  at  least  four  feet  deep  into  the  swamp,  and  in  all 
cases  to  the  stratum  of  hard  pan,  to  which  it  should  be  carefully  con- 
nected, and  to  uncover  this  stratum  of  hard  pan  for  a  circuit  of  one  hun- 
dred feet  radius  above  the  toe  of  the  dam,  examine  its  depth  and  make  it 
(by  adding  gravel)  a  perfect  lining  over  the  whole  bottom,  and  at  its  up- 
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per  extroiiiity  to  connect  it  with  a  ciit-ofi'  of  gravel  sunk  four  feet  deep 
into  the  underlying  strutuia  of  quicksand. 

These  precautions  may  at  first  thought  seem  to  have  been  further  ex- 
tended than  the  case  warranted,  but  a  personal  examination  would  soon 
convince  an  experienced  engineer  that  it  was  really  one  of  the  worst 
cases  that  he  is  often  required  to  meet. 

The  disturbance  in  the  bed  of  quicksand,  caused  by  the  breach  and  by 
the  ordinary  operations  of  the  repairs,  had  changed  it  from  a  material  of 
hard  consistence  to  a  semi-fluid,  wliich  flowed  in  from  all  directions  and 
left  the  whole  of  the  earth  about  the  work  porous  or  perhaps  cavernous. 

This  sand,  which  seemed  to  be  so  compact,  was  really  very  pervious  to 
water.  In  the  j^ump  pit  the  water  came  in  from  all  directions,  as  well 
from  below  as  from  the  sides,  at  a  level  many  feet  below  the  surface. 

The  quicksand,  which  was  overlaid  by  hard  pan  through  the  swamp, 
and  was  elsewhere  from  four  to  six  feet  below  the  surface,  rose  to  a  level 
of  twelve  or  more  feet  higher  in  the  west  bank,  and  the  covering  of  hard 
pan  had  disappeared  at  this  end  of  the  dam  ;  and  finally  the  deficiency  of 
information  in  regard  to  the  causes  of  the  breach,  left  on  the  mind  that 
degree  of  uncertainty  that  naturally  induced  to  the  takhig  of  more  than 
ordinary  care  to  prevent  a  repetition  of  the  disaster. 

The  chief  object  of  care  was  to  place  the  sheet-piling  at  the  lowest 
possible  depth,  and  to  make  it  perfectly  water-tight  against  a  head  of 
more  than  twenty  feet. 

Engineers  often  use  sheet-piling  by  driving  single  planks  or  timbers, 
sometimes  with  tongues  inserted  and  sometimes  with  a  double  course 
breaking  or  covering  the  joints. 

The  author  holds  the  opinion  that  in  most  cases  such  sheet-piling  is  not 
oidy  useless,  but  is  positively  detrimental,  and  for  a  great  many  years  he 
has  used  none  but  p^ace^/  sheet-ijiling  ;  that  is,  by  excavating  a  trench  to 
the  requisite  (or  greatest  practicable)  depth,  and  placing  in  the  bottom  a 
timber,  to  which  closely  jouited  plank  are  spiked  (being  also  spiked  to  a 
similar  timber  at  the  top),  and  covered  by  a  second  course  of  jointed 
boards  or  plank.  In  other  words,  making  a  barrier  perfectly  water-tight 
against  the  head  of  water  whicii  will  be  brought  against  it. 

When  the  plank  arc  thus  jdaced,  (he  trench  is  filled  with  fine  gravel 
mixed  willi  a  little  loam. 
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It  is  iniijossible  to  drive  plank  singly  and  make  a  water-light  joint. 
The  tongues  or  coverings  are  generally  viseless. 

To  prove  this,  let  the  greatest  care  be  taken  in  driving  some  plank  in  a 
dry  place.  Then  remove  the  earth  and  you  will  find  the  bottom  joints  of 
the  piling  open  in  both  directions  ;  and  if  tongues  have  been  used,  many 
of  them  will  be  found  to  have  been  split  off  at  the  bottom  and  useless, 
and  no  covering  plank  can  be  put  on,  much  less  driven,  which  will  make 
the  joints  water-tight. 

Such  sheet-piling  will  not  resist  one  foot  head  of  water ;  and  if  water 
will  pass  through,  then  will  the  fine  sand  and  loam  or  clay,  and  the  whole 
piling  becomes  not  only  useless  but  deceiving  to  the  engineer  who  has 
relied  upon  it ;  and  who  may  from  that  cause  lose  his  structure. 

But  this  is  not  all  of  the  danger  to  be  apprehended.  Water  will  follow 
along  a  smooth  surface  for  a  great  distance  (horizontally  and  vertically), 
until  it  finds  these  open  joints,  through  which  it  will  freely  pass,  and  then 
upon  the  opposite  side,  where  it  will  continue  to  .search  for  some  escape 
under  or  around  the  structure. 

Water  abhors  angles,  and  by  compelling  it  to  make  a  sufficient  number, 
its  head  can  be  entirely  desti-oj^ed  and  prevent  any  damage. 

The  a\ithor  desires  to  call  the  attention  of  young  engineers  especially 
to  this  point. 

The  interposition  of  these  angles  is  often  the  only  weapon  of  defence 
that  the  engineer  can  avail  of,  against  his  worst  enemy,  and  most  useful 
allj' — water. 

in  placed  sheet-piling  you  can  provide  at  the  bottom  as  many  of  these 
right  angles  as  you  deem  necessary  by  means  of  the  plank  and  timbers, 
which  will  generally  give  you  seven  angles,  and  these  may  be  increased 
to  any  desired  number. 

Many  young  engineers  fill  their  piling  trenches  with  clay  puddle. 

The  author  greatly  prefers  fine  gravel,  with  a  little  loam  mixed  with  it. 

The  first  coffer  dam  at  the  Uuited  States  dry  dock  gave  way,  chiefly 
because  it  was  filled  with  clay.  The  one  built  by  the  author  withstood  a 
greater  pressure  because  it  was  filled  with  gravel. 

Even  paving  stones  were  allowed  to  be  put  in  the  coffer  dam,  where 
they  were  surrounded  by  gravel. 

The  particles  of  clay  are  cohesive,  and  a  vein  of  water  ever  so  small 
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which  finds  a  passage  under  or   through   clay   is   tontir.r.ally  wearing   a 
larger  opening. 

The  particles  of  fine  gravel,  on  the  other  hand,  have  no  cohesion. 

Such  a  vein  of  water  as  has  been  mentioned,  first  waslies  out  from  the 
gravel  the  fine  particles  of  sand,  and  the  larger  particles  fall  into  the 
space,  and  these  small  stones  first  intercept  the  coarser  sand  and  next  the 
particles  of  loan),  which  are  drifted  in  b}'  the  current  of  water,  and  thus 
the  whole  mass  puddles  itself  better  than  the  engineer  could  do  witli  his 
own  hands. 

The  vacuities  [  roduced  below,  by  this  operation,  are  indicated  by  the 
settlement  at  the  top,  where  more  gravel,  etc.,  can  be  added  as  is  found 
necessary. 

An  embankment  of  gravel  is  comparatively  safe,  and  becomes  tighter 
every  day. 

One  of  clay  is  much  tighter  at  first,  but  is  always  liable  to  breakage, 
from  the  causes  already  mentioned. 

For  the  same  reasons  tlie  piling  trench  should  be  filled  with  gravel,  so 
that  if  any  vein  of  water  escapes  through  or  below  the  sheet-piling,  the 
■weight  of  the  gravel  will  crush  down  and  fill  up  the  vein,  before  it  can 
enlarge  itself  enough  to  produce  danger. 

A  matter  of  great  importance  was  to  get  the  sheet-piling  placed  as 
deep  as  possible. 

The  author  hoped  to  succeed  in  placing  it  ten  feet  deeper  than  the  old 
foundation,  which  v.ould  have  brought  it  to  within  five  or  ten  feet  of  the 
rock. 

It  was  of  course  considered  that  if  the  piling  was  extended  to  the  reck 
it  would  be  much  safer,  and  it  would  have  been  easy  to  have  driven 
sheet-piling  down  to  the  rock ;  but  f(n-  the  reasons  before  stated  this 
would  have  been  seriously  objectionable,  because  we  could  not  hope  to 
make  the  piling  water-tight,  nor  to  make  a  water-tight  connection  with 
the  irregular  surface  of  the  rock,  and  the  pile  plank  would  have  conducted 
the  water  more  freely  through  the  quicksand,  where  it  would  have  more 
readily  escaped  along  the  surface  of  the  rock,  than  through  the  sand 
itself. 

A  mill  dam,  three-fourths  of  a  mile  above  the  work  in  question,  had 
been  raised  and  repaired,  and  arrangements  were  made  to  retain  a  great 
body  of  the  water  which  flowed  down  the  river,  while  the  more  difiicult 
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part  of  the  operation  was  in  progress  ;  but  the  excesiiva  rains  which 
jirevailei  during  the  season,  prevented  the  use  of  this  aid  to  the  opera- 
tions.* 

A  wooden  shiice  was  built  around  a  part  of  the  piling  pits,  but  the 
vsenii-liquid  quicksand  assumed  such  flat  slopes,  that  the  sluice  was  found 
fo  be  too  short  at  each  end  to  carry  the  water  of  tlie  stream  past  the 
whole  length  of  the  pits,  and  it  had  to  be  conve\-ed  to  and  from  the  sluice 
by  open  canals. 

A  steam  engine  of  nominally  ten-horse  power  and  a  puaij)  \\\>ro  j)ro- 
vided,  for  the  purpose  of  raising  the  water  and  sand. 

This  pump  delivered  forty  cubic  feet  of  water  per  minute,  when  lifting 
it  thirteen  feet  high. 

The  power  applied  was  five  and  a  half  times  the  effect  produced,  which 
covered  the  friction  of  the  machinery,  increased  greatly  by  the  saud,  and 
the  loss  of  the  water  by  loose  buckets. 

The  power  of  the  engine  was  exhausted  by  the  tim?  the  deptli  of 
twelve  feet  was  reached. 

The  problem  now  before  us  was  one  of  considerable  ditficulty.  The 
sounding  rods  showed  that  the  material  to  a  depth  of  from  twenty  to 
twenty-iive  feet,  was  of  the  same  character  as  that  at  and  above  the  level 
of  the  river,  viz. :  a  very  fine  sand,  in  fact  a  very  troublesome  quicksand. 
It  w^as  necessary  to  excavate  a.  piling-trench  in  this  semi-fluid  to  a  depth' 
of  at  least  fifteen  feet. 

On  the  one  side  we  had  the  river  flowing  through  a  wooden  sluice  and 
canals,  and  a  heavy  embankment  of  twenty-five  feet  height  pressing  down 
upon  the  bed  of  quicksand  adjacent  to  the  pit.  On  the  other  side  was  a 
steep  side  hill  of  fifty  feet  height  pressing  down  npon  a  similar  bed  of 
quicksand. 

The  excessive  rains  had  filled  the  swamp  and  lands  adjacent  to  the  pit 
with  water,  to  their  utmost  point  of  saturation.  This  quicksand  was 
very  pervious  to  water,  and  hence  a  large  quantity  of  water  might  be  an- 
ticipated to  come  into  the  pit  during  the  operation,  and  if  the  work  was 
protracted,  the  high  banks  on  each  side  would  be  undermined  and  cave 
into  the  pit. 


*  The  rain  fall  from  the  1st   of  January  to    the  1st  of   June  (five  months)  was  thirty-six 
iu'jhes,  the  av3rage  annual  rain  fall  in  taat  section  being  forty-two  inches. 
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There  are  three  rules  to  be  observed  in  excavating  quicksand,  and  they 
are  here  stated  concisely  so  as  to  impress  the  reader : 

1.  The  water  nuist  be  removed  promptly  and  thoroughly. 

2.  The  excavation  nui.^t  be  made  with  the  utmost  despatch. 

3.  Tiie  material  must  not  be  disturbed  after  it  begins  to  quake. 

Nuw,  these  rules  are  almost  never  observad.  It  is  almost  impossible  to 
make  either  engineers,  firemen,  or  workmen  follow  them,  and  hence  arise 
the  chief  difficulties  and  expense  of  removing  quicksand. 

If  thej' are  strictly  followed,  the  author  guarantees  that  the  difficulties 
and  expense  will  be  reduced  one-half  at  least. 

Quicksand  is  defined  to  be  a  mixture  of  fine  sand,  with  such  a  propor- 
tion of  clay  or  loam  as  enables  the  mass  to  retain  water  within  itself;  and 
when  in  this  condition,  after  it  has  been  trampled  upon  for  a  short  time, 
it  begins  to  quake,  so  that  it  may  also  be  called  "quakesand."  When  it 
reaches  this  condition,  if  it  is  left  quiescent  for  a  few  hours,  the  heavier 
particles  of  sand  and  clay  settle  down  and  expel  the  w^ater,  and  the  mass 
becomes  again  firm.  If,  on  the  other  hand,  it*  is  further  disturbed  by  the 
feet  of  the  workmen,  it  becomes  more  and  more  fluid,  additional  material 
flows  in  from  the  sides,  and  no  progress  can  be  made  in  the  excavation. 
.  When  the  engineer  has  sucli  a  work  in  hand  he  should  provide  an 
ample  pumping  power.  And  here  it  may  be  noted  that  in  most  cases  he 
will  find  that  a  power  even  five  times  as  great  as  he  anticipated  will  often 
in  the  end  prove  most  economical. 

The  pumps  should  be  capable  of  lifting  sand  as  well  as  water,  and  those 
are  best  which  are  not  liable  to  be  clogged.  This  is  of  more  consequence 
than  that  they  should  work  with  a  good  "  duty." 

The  author  has  found  that  in  most  cases  sheet-piling  protections  around 
the  pit  to  prevent  the  influx  of  sand  are  useless  and  often  detrimental. 
If  there  is  room  to  allow  the  excavation  to  take  its  natural  slope,  and  the 
three  rules  are  observed,  the  sheet-piling  protection  will  be  found  unne- 
C38sary.     Quicksand  in  a  dry  state  may  be  excavated  nearly  vertical. 

These  views  will  ]»•  illustrated  by  describing  the  operations  at  the  place 
in  question. 

The  pit  wa^  commancad  on  top  abjut  fifcy  feet  wide  and  one  hundred 
feet  long. 
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There  were  thirty  laborers  employed,  who  were  arranged  as  follows : 
Six  were  kept  constantly  employed  in  removing  and  casting  aside  the 
sand  from  about  and  under  the  pump,  to  keep  it  far  below  the  other  parts 
of  the  excavation ;  twelve  men  were  constantly  employed  in  opening 
small  ditches  radiating  out  from  the  pump  pit;  six  men  were  employed 
in  excavating  the  ridges  left  between  the  radiating  ditches,  and  as  long 
as  the  latter  were  kept  open  these  ridges  offered  perfectly  dry  digging. 

The  remainder  of  the  men  were  employed  in  casting  further  back  tlie 
earth  which  was  thrown  out  by  the  six  men  last  mentioned. 

It  will  be  seen  that  the  actual  removal  of  the  earth  was  measured  by 
that  done  by  only  six  men  out  of  thirty',  but  these  men  had  perfectly  dry 
work. 

It  was  with  considerable  difficulty  that  the  workmen  could  be  forced  to 
follow  the  three  rules.  Thc}-^  were  constantly  violating  them,  although 
they  constantly  had  palpable  evidence  before  them  of  the  efficacy  of  the 
rules  and  the  disastrous  results  as  soon  as  they  were  neglected.  On  vis- 
iting the  work  ten  days  afterwards  the  author  observed  that  they  had  al- 
most forgotten  them. 

All  things  being  in  readiness,  the  work  of  excavating  was  commenced 
early  in  the  morning,  and  by  mid-day  the  pit  had  been  sunk  in  the  lowest 
place  to  a  depth  of  twelve  feet,  and  then  it  appeared  that  the  extreme 
power  of  the  steam  engine  to  remove  the  water  had  been  reached,  and  it 
soon  became  impossible  to  keep  open  the  radiating  ditches,  and  conse- 
quently the  earth  between  them  became  suflfused,  and  soon  after  the 
whole  of  the  lower  portion  was  transformed  from  hard  compact  sand  to 
a  mass  of  semi-fluid  material,  quaking  like  jelly.  The  water  began  to 
"boil  up"  in  many  places  in  the  bottom, and  it  was  evident  that  no  further 
progress  in  the  excavation  could  at  this  time  be  made. 

The  author's  time  did  not  permit  him  to  remain  for  another  trial  on  a::- 
other  day,  and  therefore  he  changed  his  plans  as  foUows  : 

It  was  considered  very  important  that  the  sheet-piling  should  be  placed 
at  a  much  greater  depth  than  that  to  which  the  excavation  had  now  been 
carried.  To  drive  the  plank  to  the  desired  depth,  as  has  already  been 
mentioned,  would  have  resulted  in  open  joints  at  the  bottom.  It  was 
therefore  determined  to  lessen  the  number  of  such  joints  by  making  up 
the  plank  in  panels  of  four  feet  width,  with  its  joints  matched  and  bat- 
tened with  one  inch  boards. 
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One  of  tliese  panels  was  {daccl  in  the  proper  line  of  the  sheet-piling, 
and  forced  down  hy  pressure  nearly  five  feet  deep. 

The  non-fluid  condition  of  the  sand  permitting  this  penetration,  a  sec- 
ond panel  was  forced  down  in  the  same  manner,  and  with  considerable 
trouble  a  tolerably  close  joint  was  made  with  the  first  panel,  and  further 
secured  by  a  plank  which  was  driven  over  the  joint. 

In  this  maimer  successive  panels  were  put  in,  until  the  whole  width  of 
tlie  i)it  was  covered  by  two  rows  of  sheet-piling  placed  fifteen  feet  apart. 

it  will  not  fail  to  be  noted,  that  the  joints  between  the  panels  thus 
jilaced,  must  of  necessity  be  nearly  as  open  as  in  any  other  driven  sheet- 
piling,  and  that  this  plan  did  not,  therefore,  accomplish  the  result  aimed  at. 
For  it  will  be  remembered,  that  (iiuj  water  reaching  anij  part  of  the  sheet- 
piling,  would  flow  horizontally  until  it  reaches  one  or  more  of  these  open 
joints,  through  whicli  it  and  fine  sand  would  escape,  and  thus  render  the 
sheet-piling  nearly  or  quite  useless. 

But  it  had  already  been  determined  to  obtiiiu  a  more  powerful  engine, 
and  with  its  aid  to  remove  the  water,  and  then  the  earth  from  between  the 
rows  of  piling  to  tlie  same  depth  to  which  they  had  been  forced,  and 
then  to  batten  and  caulk  up  the  joints  between  the  panels  on  the  inside. 

While  tlie  question  of  the  necessary  jiower  of  the  new  engine  was 
being  discussed,  it  became  desirable  to  ascertain  how  much  of  the  water 
wliich  flowed  into  the  pit,  came  from  the  leaky  sluice  and  the  canals,  and 
how  much  of  it  came  from  the  natural  water  courses  through  the  sand. 

The  material  being  of  so  porous  a  character,  it  was  impossible  to 
determine  this  question  merely  from  the  directions  in  which  these  small 
streams  came,  and  at  first  thought  it  seemed  impossible  to  arrive  at  any 
definite  or  reliable  conclusion  in  regard  to  the  comparative  quantity  from 
each  of  those  sources. 

He  happened  to  have  his  pocket  thermometer  with  him,  and  witli  it 
obtained  the  temperature  of  the  water  flowing'through  the  sluice-way  and 
canal.  The  temperature  of  each  of  the  small  streams  and  springs  flowing 
into  the  pit  from  the  various  quarters,  was  then  taken. 

The  result  was  surprising. 

The  temperature  of  the  water  in  the  sluice  was  T4:0_  and  that  of  one  set 
of  the  streams  ranged  from  71°  to  "3o,  and  of  another  set  was  from  56°  to 
61°,  several  of  thcni  flowing  but  a  few  feet  from  each  other,  with  these 
widely  difforing  temperatures. 
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Those  of  the  higher  degrees  were  evidently  the  leakages  from  the 
sluice-way  and  canal,  and  those  of  the  lower  temperatures  as  evidently 
from  deep-seated  springs. 

The  average  mean  temperature  of  the  air  f(,r  the  year  was  5lo,  and 
consequently  the  water  issuing  from  deep-seated  springs,  would  have 
been  as  low  as  51°,  if  it  could  have  been  intercepted  and  tested  before 
it  was  increased  by  contact  with  the  atmosphere,  whicl;  at  this  time  was 
about  82°. 

A  rough,  but  sufficiently  accurate  gauge  of  each  of  the  twenty  small 
streams  was  made,  from  which  it  was  ascertained  that  two-thirds  of  the 
water  which  came  into  the  pit  was  leakage,  the  greater  part  of  which 
could  be  prevented  by  a  new  sluice,  and  a  better  connection  at  the  ends. 

The  new  sluice  would  cost  less  than  two  hundred  dollars,  and  a  new 
engine  more  than  two  thousand  dollars. 

With  a  diminution  of  more  than  one-half  of  the  quantity  of  inflowing 
water,  the  engine  on  hand  would  be  of  ample  power  to  free  the  work 
from  water,  and  enable  us  to  get  down  to  the  requisite  depth,  and  caulk 
the  joints  of  the  sheet-piling,  and  put  in  the  puddle. 

This  simple  expedient,  therefore,  saved  an  expenditure  of  nearly  two 
thousand  dollars. 

The  masonry  of  the  gate  house,  culvert,  and  conduit,  is  all  laid  in  113-- 
draulic  cement  mortar. 

It  rests  upon  a  foundation  of  timber,  and  two  courses  of  plank. 

Concrete  masonry  is  filled  between  the  timbers,  to  take  their  place  if 
They  should  ever  decay,  which,  as  they  will  always  be  submerged,  will 
not  soon  occur. 

There  was  another  source  of  danger  which  had  to  be  guarded  against, 
viz.,  that  the  water  would  follow  along  the  sides,  top,  or  bottom  of  the 
masonry,  through  the  whole  width  of  the  bank,  and  escaping  at  the  lower 
side,  again  produce  a  break. 

To  prevent  this,  belt  walls  of  masonry  were  buQt  at  each  row  of  sheet- 
piling,  and  one  still  further  toward  the  gate  house.  These  belt  walls 
extend  three  feet  beyond  the  outside  lines  of  the  masonry  of  the  culvert 
and  conduit  on  the  bottom,  on  the  side,  and  over  the  top,  and  are  built 
up  with  the  other  masonry,  thus  forming  a  perfect  cut-off  to  the  water  at 
each  belt.  The  outer  faces  of  these  belts  are  "  toothed,"  to  produce  an- 
gular obstructions  to  the  water. 

It  will   naturally  be  asked,  why  was   not  the  piling  and  puddle  aero v, 
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the  broacli  t-xtended  down  to  the  rock,  and  thus  cut  off  the  passage  of  the 
water  through  the  qiiicksand  below  with  certainty  ? 

The  reply  is,  that  it  would  have  been  attended  with  an  enormous  ex- 
pense, and  was  not  believed  to  be  necessary. 

It  had  been  demonstrated  that  tlio  remanider  of  tlie  dam,  for  a  distance 
of  six  hini(h'ed  feet  resting  on  the  same  bed  of  ({uieksand.  was  perfectly 
tight. 

The  weigiit  nf  tiiirty  iwt  in  lieight  of  gravel  had  so  com^jressed  the 
sand  as  to  make  it  impervious  to  the  lake  water  under  twenty'  feet  head. 

Across  the  breach  we  would  have,  for  the  middle  portion  of  the  bank,  the 
weight  or  pressure  due  to  at  least  ten  or  twelve  feet  more  height  of  bank, 
and  the  stratum  of  sand  would  be  of  less  thickness  and  at  a  much  deeper 
level  than  under  the  remainder  of  the  dam,  and  therefore  that  this  portion 
of  the  dam  would  be  safer  in  this  respect  than  that  part  wliicli  had  been 
already  found  to  be  sufficient. 

Besides,  the  gravel  and  hard  pan  over  the  bottom  would  be  extended  a 
considerable  distance  above  the  foot  of  the  dam,  and  the  water  must 
therefore  force  its  way  through  the  sand  so  much  further  than  at  the 
other  parts  of  the  tried  dam,  tliat  it  was  considered  more  secure  from 
these  causes  than  elsewhere. 

The  most  dangerous  places  now  in  the  dam  are  where  the  repaired 
work  joins  the  old  dam  and  at  the  west  end  against  the  hill  side. 

These  places  are  secured  by  the  jutting  of  the  piling  and  puddling  into 
the  old  work,  and  by  the  lajiping  of  the  gravel  used  in  filling  the  breach 
a  long  distance  horizontally  on  the  face  of  the  old  bank  and  on  that  of  the 
hill  slope,  thus  compelling  any  water  coming  from  that  direction  to  pass 
around  the  ends  of  two  water-tight  facings,  and  also  for  a  long  horizontal 
distance  between  them  before  it  can  get  below  the  water-tight  portions 
of  the  work. 

The  foregoing  account  has  been  written  out  with  more  detail  and  par- 
ticularity than  necessary,  for  the  information  of  experienced  hydraulic 
engineers. 

It  is  intended  chiefly  to  interest  the  younger  members  of  the  profes- 
sion, and  particularly  to  enable  the  author  to  introduce  a  few  of  his  prac- 
tical experiences  ;  such  as  the  best  method  of  excavating  quicksand  ; 
the  use  of  placed  instead  of  driven  sheet-piling ;  the  substitution  of 
gravel  for  clay  to  resist  tlie  escape  of  water  in  dangerous  places  ;  and  tlie 


method  of  preventing  the  passage  of  water  along  smootli  surfaces  by 
fatiguing  it  with  angles. 

On  some  of  these  points  he  is  aware  that  tiie  practice  of  other  engi- 
neers of  experience  diifers  from  his  own. 

lie  will  be  glad  if  the  foregoing  remarks  elicit  some  discussions  which 
will  lead  to  the  determination  of  the  best  jiractice  on  these  subjects. 

If  this  paper  should  sufficiently  interest  the  members,  the  author  pro- 
poses from  time  to  time  to  lay  before  them  those  of  a  similar  character, 
to  enable  him  to  put  on  record  the  practical  results  of  a  long  service  in 
the  profession,  for  which  he  has  already  collected  abundant  materials. 

In  preparing  this  paper  he  has  made  no  etfort  at  elaborate  writing,  in 
the  hope  that  it  will  induce  many  young  members  to  submit  their  expe- 
riences to  the  Society,  and  thus  instruct  themselves  as  well  as  their  asso- 
ciates. 
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ARCHING  BERGEN  TUNNEL  ON  ERIE  RAILROAD. 

A  paper  from  John  Houston,  Civil  Engineer,  read  before  the  Society, 
October  7,  1868  . 

Dear  Sir : — According  to  promise,  I  send  with  this  the  details  of  the 
centering  used  by  me  in  the  arching  of  a  part  of  Bergen  tunnel,  last  year. 
It  was  constructed  so  as  to  allow  the  free  passage  of  trains  during  the 
prosecution  of  the  work,  and  as  the  drawings  will  exjjlain  for  themselves 
I  now  only  give  you  a  description  of  the  manner  in  which  the  work  was 
done. 

The  tunnel  is  cut  through  trap  rock  to  a  certain  area ;  it  is  twenty- 
eight  feet  wide  up  to  the  spring  of  the  arch,  and  twenty-three  feet  high 
from  its  crown  to  subgrade.  The  arch  has  thi'ee  centres,  as  shown  on 
the  section. 

As  it  was  necessary  to  excavate  a  large  quantity  of  rock  to  make  room 
for  the  brick  work,  without  lessening  the  original  area,  this  excavation 
was  economized  as  much  as  possible,  by  using  a  granite  sjiringer  ten 
inches  thick  and  about  three  feet  deej),  for  which  a  shelf  was  cut  in  the 
rock — the  side  walls  of  solid  trap  being  left  as  they  were,  wherever  the 
excavation  was  wide  enough  to  allow  room  for  one  thickness  of  brick,  as 
it  was  considered  that  the  rock  itself  was  sufficient  for  the  abutments, 
after  being  lined  with  brick,  and  filled  solid  with  brick  and  cement  in  aU 
its  irregularities. 
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During  the  jjrogress  of  the  work  (which  was  done  entirely  through 
the  night),  all  trains  were  run  on  a  single  track.  Telegraphic  communi- 
cation was  established  between  the  extreme  ends  of  the  tunnel,  and  a 
regular  system  adopted  to  prevent  accident  to  the  trains  or  workmen 
employed.  The  excavation  was  comj^leted  on  one  side  at  a  time  at  each 
place  where  the  arching  was  to  be  constructed. 

The  boring  and  blasting  was  done  on  scaffolds,  built  on  flat  cars  j)laced 
on  the  track  ;  a  locomotive  and  cars  being  constantly  on  hand  to  remove 
the  rock  after  it  was  blown  down.  On  such  i)arts  of  the  track  as  the 
rock  was  likely  to  fall,  it  was  covered  with  timbers,  to  prevent  injury  to 
the  rails,  &c. 

After  the  miners  got  far  enough  ahead,  the  bricklayers  went  on,  and 
built  the  side  walls  and  coped  them. 

The  centering  was  then  i^laced,  and  the  bricklayers  continued  with  the 
arch,  working  from  scaffolding  placed  on  cars  also.  The  centering  was 
made  out  of  an  ordinary  6 "  wrought-irou  girder.  It  was  bent  to  the  cor- 
rect form  of  the  tunnel  whilst  hot,  and  each  rib  was  made  in  two  pieces, 
and  joined  in  the  middle  with  a  fish  plate,  from  which  depended  an  li 
inch  (round)  iron  rod  with  an  eye  in  the  lower  end,  through  which  an- 
other Ij  inch  (round)  iron  rod  passed  across  the  tunnel,  at  a  height  from 
the  rail  sufficient  to  allow  the  highest  locomotives  to  pass.  This  rod,  as 
shown  in  the  drawing,  was  furnished  with  a  turn  buckle,  to  draw  the  ribs 
to  an  exact  line.  Ten  ribs,  placed  three  feet  ajjart  from  centres,  were 
used  braced  and  tied  together,  as  shown  on  the  side  view. 

In  putting  up  the  iron  frame  work,  one  rib  was  first  placed  and 
securely  guyed,  the  bracing  was  then  attached  to  it,  and  the  next  rib  then 
placed  and  fastened  to  it,  and  so  on  until  the  whole  was  connected  and 
ready  for  the  masons.  The  supports  were  formed  of  timber  work,  as 
shown  on  the  drawings.  The  ribs  rested  in  cast-iron  shoes  fitted  on  a 
plate  and  supported  on  wedges,  a  second  plate,  and  cast-iron  rollers 
placed  between  it  and  the  main  supports.  The  rollers  were  cast  very 
rough  and  had  holes  in  the  outer  end  to  admit  an  iron  bar  to  be  used  as 
a  lever  for  turning  them — the  roughness  preventing  slipping.  When  a 
section  of  the  arching  was  finished,  the  keys  or  wedges  were  knocked 
out  sufficiently  to  allow  the  whole  frame  to  drop  low  enough  to  allow  the 
wooden  sheathing  to  be  drawn,  and  then  an  additional  length  of  supports 
having  been  placed,  the  whole  was  moved  forward  with  levers  operating 
directly  on  the  rollers.     When  the  frame  was  moved  far  enough  ahead, 
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the  keys  were  driven  so  as  to  elevate  it  to  the  proper  height,  and  it  was 
ready  for  the  bricklayers  again.  After  the  men  employed  on  the  work 
gathered  the  necessary  experience,  they  could  move  the  entire  section  of 
centering  (about  twenty-seven  feet  in  length)  without  delaying  the  brick- 
layers more  than  an  hour  and  a  half.  The  arches  built  vary  from  16 
inches  to  36  inches  in  thickness,  depending  on  the  weight  of  loose  ma- 
terial they  have  to  carry. 

Where  they  are  used  as  a  mere  lining  they  are  16  inches  thick  ;  where 
a  quantity  of  loose  rock  has  been  removed,  leaving  a  space  between  the 
brickwork  and  the  solid  rock,  they  are  made  heavier  accordingly  ;  and 
under  the  shafts,  which  are  about  70  feet  deep  from  the  crown  of  the 
arch  to  the  ground  surface,  they  are  36  inches  thick. 

In  every  case  the  space  between  the  solid  rock  and  brickwork  is 
p  icked  with  clean  dry  stone  packing  ;  this  packing  was  carried  up  with 
the  brickwork.  Four-inch  cement  pipes  are  built  into  the  side  walls 
about  10  feet  apart,  for  the  purpose  of  carrying  off  the  water  which  might 
collect  on  the  arch. 

They  are  carried  up  to  the  spring  line,  and  have  their  outlets  near  the 
grade  line  of  the  tunnel. 

We  arched  in  the  manner  described  between  five  and  six  hundred 
feet  without  difficulty  or  any  accident,  the  greatest  obstacles  being  the 
iutense  darkness  and  dense  smoke. 

Altogether  the  work  was  a  perfect  success. 
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ARCHING   BERGEN   TUN'NEL  ON  ERIE   RAILROAD. 

A  paper  fi'om  John  Houston,  Civil  Engineer,  read  before  the 
Society,  October  7,  18G8  : 

Dear  Sir : — According  to  promise,  I  send  witli  this  the  details  of  the 
centering  used  by  me  in  the  arching  of  a  part  of  Bergen  tuiiiiel,  last  year. 
It  was  constructed  so  as  to  allow  the  free  passage  of  trains  during  the 
prosecution  of  the  work,  and  as  the  drawings  will  explain  for  themselves 
I  now  only  give  you  a  description  of  the  manner  in  which  the  work  was 
done. 

The  tunnel  is  cut  tlirough  trap  rock  to  a  certain  area ;  it  is  twenty- 
eight  feet  wide  up  to  the  spring  of  the  arch,  and  t\yenty-three  feet  high 
from  its  crown  to  subgrade.  The  arch  has  three  centres,  as  shown  on 
the  section. 

As  it  was  necessary  to  excavate  a  large  quantity  of  rock  to  make  room 
for  the  brick  work,  without  lessening  (he  original  area,  this  excavation 
was  economized  as  much  as  possible,  by  using  a  granite  springer  ten 
inches  thick  and  abo\it  three  feet  deep,  for  which  a  shelf  was  cut  in  the 
rock — the  side  walls  of  solid  trap  being  left  as  they  were,  wherever  the 
excavation  was  wide  enough  to  allow  room  for  one  thickness  of  brick,  as 
it  was  considered  that  the  rock  itself  was  sufficient  for  the  abutments, 
after  being  lined  with  brick,  and  filled  snlid  with  brick  and  cement  in  all 
its  irreeularities. 


ro 


During  ths  progress  ot  tlic  work  (which  was  done  entirely  through  the 
night),  all  trains  were  run  ou  a  single  track.  Telegraphic  communication 
was  established  between  the  extreme  ends  of  the  tunnel,  and  a  regular 
system  adopted  to  prevent  accident  to  the  trains  or  workmen  employed. 
The  excavation  was  completed  on  one  side  at  a  time  at  each  i^lace  wliere 
the  arching  was  to  be  constructed. 

The  boring  and  blasting  was  done  on  scaffolds,  built  on  Hat  cars  placed 
on  the  track ;  a  locomotive  and  cars  being  constantly  on  hand  to  remove 
the  rock  after  it  was  blown  down.  On  such  parts  of  the  track  as  the 
rock  was  likely  to  fall,  it  was  covered  with  timbers,  to  prevent  injury  to 
the  rails,  etc. 

After  the  miners  got  far  enough  ahead,  the  bricklayers  went  on,  and 
built  the  side  walls  and  coped  them. 

The  centering  was  then  placed,  and  the  bricklayers  continued  with  the 
aroli,  working  from  scaffolding  placed  on  cars  a'so.  The  centering  was 
made  out  of  an  ordinary  6"  wrought-iron  girder.  It  was  bent  to  the  cor- 
rect form  of  the  tunnel  whilst  hot,  and  each  rib  was  made  in  two  pieces, 
and  joined  in  the  middle  with  a  fish  plate,  from  which  depended  an  ti 
inch  (round)  iron  rod  witli  an  eye  in  the  lower  end,  through  which  an- 
other li  inch  (round)  iron  rod  passed  across  the  tunnel,  at  a  height  from 
the  rail  sufficient  to  allow  the  highest  locomotives  to  pass.  This  rod,  as 
shown  in  the  drawing,  was  furnished  with  a  turn  buckle,  to  draw  the  ribs 
to  an  exact  line.  Ten  ribs,  placed  three  feet  apart  from  centres,  were 
used  braced  and  tied  together,  as  shown  on  the  side  view. 

In  putting  up  the  iron  frame  work,  one  rib  was  first  placed  and 
securely  guyed,  the  bracing  was  then  attached  to  it,  and  the  next  rib  then 
placed  and  fastened  to  it,  and  so  oa  until  the  whole  was  conne<;ted  and 
ready  for  the  masons.  The  supports  were  formed  of  timber  work,  as 
shown  on  the  drawings.  The  ribs  rested  in  cast-iron  shoes  fitted  on  a 
plate  and  supported  ou  wedges,  a  second  plate,  and  cast-iron  rollers 
placed  between  it  and  the  main  supports.  The  rollers  were  cast  very 
rough  ani  had  holes  in  the  outer  end  to  admit  an  iron  bar  to  be  used  as 
a  lever  for  tm-ning  them — the  roughness  preventing  slipping.  When  a 
section  of  the  arching  was  finished,  the  keys  or  wedges  were  knocked 
out  sufficiently  to  allow  the  whole  frame  to  drop  low  enough  to  allow  the 
wooden  sheathing  to  be  drawn,  and  then  an  additional  length  of  supports 
having  been  placed,  the  whole  was  moved  forward  with  levers  operating 
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directly  ou  the  rollers.  Wheu  the  frame  was  moved  far  enough  ahead, 
the  keys  were  driven  so  as  to  elevate  it  to  the  proper  height,  and  it  waa 
ready  for  the  bricklayers  again.  After  the  men  employed  on  the  work 
gathered  the  necessary  experience,  they  could  naove  the  entire  section  of 
centering  (about  twenty-seven  feet  in  length)  without  delaying  the  brick- 
layers more  than  an  hour  and  a  half.  The  arches  built  vary  from  16 
inches  to  36  inches  in  thickness,  depending  on  the  weight  of  loose  mate- 
rial they  have  to  carry. 

Where  they  are  used  as  a  mere  lining  they  are  16  inches  thick  ;  where 
a  quantity  of  loose  rock  has  been  removed,  leaving  a  space  between  the 
brickwork  and  the  solid  rock,  they  arc  made  heavier  accordingly;  and 
under  the  shafts,  which  are  about  70  feet  deep  from  the  crown  of  the 
arch  to  the  ground  surface,  they  are  36  inches  thick. 

In  every  case  the  space  between  the  solid  rock  and  brickwork  is 
packed  with  clean  dry  stone  packing  ;  this  packing  was  carried  up  with 
t'le  brickwork.  Four-inch  cement  pipes  are  built  into  the  side  walls 
about  10  feet  apart,  for  the  purpose  of  carrying  off  the  water  which  might 
collect  on  the  arch. 

The}'  are  carried  up  to  the  spring  line,  and  have  their  outletvS  near  the 
grade  line  of  the  tunnel. 

We  arched  in  the  manner  described  between  five  and  six  hundred  feet 
without  difhculty  or  any  accilent,  the  greatest  obstacles  being  the  intense 
darkness  and  dense  smoke. 

Altogether  the  work  was  a  perfect  success. 
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IX. 


ON  THE  APPLICATION  OF  A  NEW  SYSTEM  OF  DISTILLATION 
WITH  CONSERVATION  OF  HEAT. 


A  paper  read  before  the  Society  March  3,  1869,  by  Thomas  Prosser, 
member  of  the  Society  : 

Distillation,  in  its  broadest  sense,  is  the  subject  of  this  paper;  and 
I  am  desirous  of  obtaining  a  thorough  discussion  on  the  cognate  subject 
of  HEAT  in  connection  with  water  and  steam,  but  more  particularly  in 
regard  to  its  latent  state. 

The  Physicists  have  investigated  the  subject  most  laboriously,  and 
to  some  extent,  it  must  be  allowed,  successfully;  but  what  has  the 
engineer  done  in  its  behalf  ?  Literally  nothing.  He  has  been  plodding 
away  with  his  practical  experience,  as  he  calls  it,  manipulating  the 
iron,  and  steel,  and  brass,  like  another  Tubal-Cain:  but  of  the  ele- 
mentary principles  of  the  steam  which  operates  his  engines  when  com- 
pleted, he  has  made  no  inquiry,  and  we  are  not  quite  certain  that  they 
have  not  retrograded  since  the  time  of  Watt,  when  "  a  bushel  of  wheat 
ground  and  dressed  in  an  hour  with  eight  poiinds  of  coal,  was  one- 
horse  power,"  but  now  it  requires  eleven  pounds,  according  to  Mr. 
Isherwood.  As  a  material,  he  has  weighed  and  measured  it;  as  a  pro- 
duction, he  has  ascertained  its  cost;  but  as  a  power,  he  has  never  yet 
attempted,  in  a  rational  manner,  to  economize  it.     True,  he  has  patented 
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it,  petted  it,  puflfed  it,  expanded  it,  superheated  it,  and  called  it  an  infant, 
and  knows  that  it  is  a  most  exti'avagant  one — at  least,  he  believes  that 
it  is,  for  it  wastes  nine-tenths  of  its  food,  as  the  physicists  have  told 
him;  but  still  he  follows  in  the  wake  of  his  2)re(iecessors,  shutting  his 
eyes  against  the  only  method  which  leaves  much  ajiparent  hope  of 
improvement — for,  surely,  where  nine-tenths  are  wasted,  there  is  ample 
margin  for  that. 

In  order  that  my  main  object  may  appear  at  once  and  conspicuously, 
I  will  state  briefly,  at  the  outset,  the  grounds  on  which  I  claim  your 
special  attention. 

Heat,  as  you  are  aware,  exists  in  vajjor  in,  at  least,  three — perhaps 
four  or  even  more — different  states,  viz.,  the  sensible,  the  latent,  and  the 
specific;*  but  the  latter  may  be  omitted  as  an  unnecessary  refinement 
for  our  present  purpose,  the  sum  of  the  other  two  being  regarded  as 
constituting  the  "  total  heat." 

There  are  also  three  theories  in  regard  to  the  proportions  in  which 
they  exist;  but  the  one  universally  accepted  is  that  of  M.  Eegnault, 
whose  elaborate  experiments  were  made  about  twenty-two  years  ago. 
Those  experiments  show  that  vapor,  under  the  pressure  of  the  atmos- 
phere, has  6371  calorics,  of  which  100^  C.  only  are  sensible  and  537  latent. 
The  total  heat  increases,  while  the  latent  heat  decreases,  by  addition  to 
the  temperature;  hence,  the  high-pressure  steam-engine  can  be  worked 
most  economically  in  proportion  to  the  elastic  force  of  the  steam  (for 
the  sensible  heat  alone  is  efi'ective),  although  it  wastes  into  the  open 
air  the  whole  of  the  heat  which  remains  in  the  steam  at  the  end  of  the 
stroke.  On  the  other  hand,  an  ordinary  surface- condenser,  operating  on 
atmospheric  steam  down  to  a  temperature  of  30°  C. ,  washes  away  to  waste 
607  calorics  with  a  flood  of  cold  water,  being  equal  to  ninety-five  per 
cent,  of  the  whole  of  its  total  heat. 

Is  not  a  statement  like  this  enough  to  make  one  blush  for  the  pro- 
fession ?  Although  the  fact  has  been  palpable  for  many  years,  yet,  up 
to  the  present  time,  no  attempt,  that  I  am  aware  of,  has  ever  been  made 
to  utilize  the  latent  heat  in  vaj^or  in  a  comprehensive  manner;  on  the 
contrary ,  all  that  has  been  done  or  attempted,  has  been  its  desti'uction. 

Here,  then,  is  a  field  for  ojieration.     With  a  margin  of  ninety-five  per 

*  And  qy.  the  expanded  state.  t  Degrees  centigrade. 
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cent.,  surely  some  salvage  is  obtainable.  In  order  that  there  may  be 
no  doubt  of  the  existence  of  this  enormous  quantity  of  latent  heat,  I 
have  placed  the  three  theories  (before  alluded  to)  respecting  it,  in  chro- 
nological order,  calculated,  however,  on  the  basis  of  Regnault's  for  the 
total  and  latent  heat,  at  0°  C. 

It  api^ears  that  Regnault's  theory  is  about  a  medium  between  the 
other  two,  but  in  neither  case  is  the  difference  a  material  one.  Accord- 
ing to  Regnault,  the  total  heat  increases  ..S05,  while  the  latent  heat  de- 
creases .695  calorics,  for  every  degree  of  increase  in  temperature. 

Watt's  theory  is,  that  the  total  heat  is  the  same  under  all  circum- 
stances, and,  therefore,  the  gain  of  temperature  equals  the  loss  of  latent 
heat,  which  is,  at  least,  intelligible,  but  Regnault's  is  not. 

Nor  is  this  the  only  difficulty  in  assigning  as  of  equal  value  a  degree 
of  temperature,  and  a  unit  of  caloric  of  latent  heat,  and  mixing  them 
together  in  the  total  heat. 

The  Tables  (No.  2)  commence  at  zero  for  temperatures,  while  the 
latent  heat  in  Regnault's  (and,  of  course,  the  total  heat  also)  is  repre- 
sented by  GOG.  5  calorics.     The  absolute  zero  must,  therefore,  be 


/60G..5\ 


—1988.52459=  I  — —  I  or  nearly  — 2000°  C, 

before  the  "  total  calorics  "  are  exhausted. 

In  like  manner,  there  can  be  no  more  "latent  calorics  "  above  the 


temperature  of  872*^ 


/60G.5\ 
\T695/ 


for  872  X  .305+606.5=872, 


and872x  .695=606.5  (nearly). 

Verily  this  latent  heat  is  a  great  mystery. 

The  following  Table  (No.  1)  is  supposed  to  commence  at  the  absolute 
zero,  and  continues  until  the  ordinary  zero  is  arrived  at:  when,  presto! 
it  is  all  changed,  in  the  manner  shown  by  the  bottom  line,  which  is  the 
same  as  the  top  lino  of  the  jsrevious  Table: 
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TABLE  No.  1. 


TOTAL. 

TEMPERATURE. 

LATENT, 

Calorics. 

Degrees,  C. 

Calorics. 

0.0 

_ 

0.0 

+ 

0.0 

.305 

= 

1. 

+ 

—                    .695 

.61 

= 

2. 

+ 

1.39 

.915 

= 

3. 

+ 

—                2.085 

1.22 

— 

.    4. 

+ 

—                2.78 

1.525 

= 

5. 

+ 

—                3.475 

1.83 

— 

6. 

+ 

—                4.17 

2.135 



7. 

+ 

—                4.865 

2.44 



9. 

+ 

—                5.56 

2.745 



8. 

+ 

—                6.255 

3.05 

10. 

+ 

—                6.95 

30.5 

100. 

+ 

—               69.5 

305. 



1  000. 

+ 

—            695. 

— 

1  988.52459 

+ 

— 

606.5 

-= 

2  000. 

+ 

—    1393.5 

606.5 

= 

0. 

+ 

606.5 

See  Table  No.  2. 

Now,  the  last  line  of  the  Table  (No.  1)  should  be  the  same  as  the 
first  one  of  the  previous  Table  (No.  2);  but,  instead  of  that,  we  find 
only  the  first  column,  or  the  "  total  calorics,"  the  same,  while  from  the 
"temperature"  of  2  000  degrees  the  whole  is  dropped,  and  from  the 
"  latent  calorics"  787.,  with  the  negative  sign,  leaving  but  606.5 

Table  No.  3  is  an  attempt  to  put  Table  No.  1  in  a  more  comprehensive 
form;  for  which  purpose  it  commences  at  the  absolute  zero  and  con- 
tinues to  the  ordinary  zero,  and  thence  to  the  abolition  of  latent  heat, 
embracing  part  of  a  range  of  2  872°  C. 

TABLE  No.  3. 


TOTAL. 

TEMPERATURE. 

Calorics. 

Calorics. 

Degrees,  C. 

LATENT. 

*  0.0 

301.5 

576. 

603.45 

606.195 

606.5 

606.805 

872. 

= 

—  2  000. 

—  1  000. 

—  100. 

—  10. 

—  1. 
0.0 

1. 

872. 

+ 

+ 

4- 
+ 

4- 

+ 
+ 

2  000. 

1301.5 
676. 
613.45 
607.195 
606.5 
605.805 
0.0 

*  Absolute  zero. 
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The  " /o/aZ  calorics "  at  the  "  absohite  zero"  is  nothing,  while  the 
"temperature"  is  ( — 2  000),  or  2  000*^  C.  less,  which,  somehow,  the 
"latent  calorics"  appear  to  have  got  hold  of;  and  that  balances  the 
account,  after  a  fashion  which  I  must  confess  is  totally  unintelligible 
to  me. 

If  the  temperature  or  sensible  heat  is  increased,  it  may  be  imagined 
that  the  latent  heat  decreases  in  the  same  ratio,  leaving  the  total  heat 
the  same  as  before,  and  according  to  "Watt's  theory.  The  same  may  be 
said  of  the  theory  of  Southern  and  Creighton — the  latent  heat  remaining 
the  same,  while  the  total  heat  increases  in  the  same  ratio  as  the  sensible 
heat.  But  what  shall  we  say  of  the  latent  heat  decreasing  faster  than 
the  total  heat  increases  ? — for  that  is  a  solecism  in  physics.  Perhaps 
Dr.  Tyndall  can  explain  it,  for  he  makes  the  absolute  zero — 273°  C.  on 
the  same  aiithority  (M.  Regnault)  as  I  make  it  nearly  — 2  000°  C. 

Because  the  elastic  force  of  a  gas  is  doubled  by  an  increase  of  tem- 
perature from  0^  to  273°  C,  "  it  is  manifest,"  says  the  Doctor,  "that,  at 
a  temperature  of  273^  C,  we  should  cease  to  have  any  elastic  force 
whatever."  Perhaps  so;  but  inasmuch  as  we  are  dealing  with  a  phantom 
hypothesis,  let  the  phantom  have  a  fair  chance.  In  the  case  of  aqueous 
vapor,  the  cold  has  annihilated  it  at  — 2  000°  C,  for  it  cannot  be  supposed 
to  exist  at  that  temperature.  But  an  uncondensable  gas  is  a  wholly 
different  affair,  and  we  can  imagine  its  existence  at  any  temperature,  or 
no  temperature  at  all;  but  we  cannot  admit  of  two  absolute  zeroes.  I 
would  not  have  ventured  upon  such  a  line  of  argument  as  this  without 
some  high  authority,  for  it  assuredly  gives  the  most  absurd  results 
imaginable,  and  shows,  to  my  mind,  that  we  are,  even  now,  ignorant  of 
the  exact  status  of  latent  heat  in  steam. 

The  question  of  latent  heat  is  sufficiently  puzzling.  It  passes  through 
water  without  giving  any  indication  of  its  presence,  except  that  it  carries 
away  the  water  itself  in  the  shape  of  vapor — a  pretty  strong  proof  that 
there  is  something  Tnaterial  about  it.  And  here  we  encounter  the  new 
school  of  Natural  Philosophy,  which  insists  upon  the  immateriality  of 
heat  (a  term,  however,  which  is  never  used),  which  is  about  as  difficult 
to  comprehend  as  any  of  the  ghostly  manifestations,  which  cast  too 
strong  a  shadow  to  allow  of  the  supposition  that  there  is  not  a  substance 
somewhere  near.  Surely,  then,  it  is  too  early  for  the  new  school  to  cry 
Victory  !  for  "When  the  old  owl  winketh,  little  doth  the  young  owl 
know  what  the  old  owl  thinketh."     That  is  to  say,  there  are  stiU.  some 
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questious  of  the  old  theorists  to  be  answered  before  the  new  ones  can 
expect  their  ' '  glittering  generalities  "  to  be  accepted  as  gospel.  They  are 
too  aggressive,  violent,  and  radical.  Moreover,  they  have  iirged  their 
claims  with  but  little  dignity  or  courtesy;  for,  while  they  have  not 
forgotten  the  "mutual  admiration  "  proclivities  of  their  class,  in  calling 
up  their  own  members  for  special  greeting,  they  have  scarcely  thouglit 
it  worth  while  to  mention  any  of  the  great  men  who  have  held,  and  do 
now  hold,  to  contrary  opinions. 

Thus,  Professor  TyndaD  dismisses  Gmelin  with  the  simple  epithet, 
"laborious,"  as  if  he  were  merely  a  beast  of  burden.  In  his  "Heat 
considered  as  a  mode  of  Motion  "  (Am.  Ed.,  Appleton  &  Co.),  at  page  38, 
he  says:  "The  laborious  Gmelin,  for  example,  in  his  'Hand-Book  of 
Chemistry,'  defines  heat  to  be  that  substance  whose  entrance  into  our 
bodies  causes  the  sensation  of  warmth,  and  its  egress,  the  sensation  of 
cold,"*  referring  by  the  star  to  a  foot-note,  thus,  "  English  edition,  vol.  1, 
page  22."  The  "English"  edition,  however,  contains  no  such  passage, 
if  the  reference  is  made  to  the  Cavendish  one,  and  I  know  of  no  other. 

On  the  same  page  he  says:  "He  (Gmelin)  also  speaks  of  heat  com- 
bining with  bodies,  as  one  ponderable  substance  combines  with  another; 
and  many  other  eminent  chemists  treat  the  subject  from  the  same  point 
of  view."  But  what  does  Gmelin  say  (Vol.  1,  page  160)  ? — here  are  his 
own  words:  "The  imponderables  are:  light,  heat,  electricity,  and  mag- 
netism." 

Again,  Tyndall,  in  a  foot-note,  page  39,  says:  "I  have  particular 
pleasure  in  directing  the  reader's  attention  to  an  abstract  of  '  Count 
Rumford's  Memoir  on  the  Generation  of  Heat  by  Friction,"  contained 
in  appendix  to  this  lecture.  Eumford,  in  this  memoir,  annihilates  the 
material  theory  of  heat.  Nothing  more  powerful  on  the  subject  has 
since  been  written." 

Now,  as  the  memoir  referred  to  has  been  before  the  world  more  than 
seventy  years,  it  is  not  very  creditable  to  the  new  school  that  it  should 
have  remained  so  long  uncanonized;  and  still  more  unaccountable  is  it, 
that  the  materialists  should  not  even  now  know  that  their  idol  has  been 
dead  since  all  that  time. 

On  the  whole,  there  appears  to  be  too  much  of  a  partisan  feeUng 
and  too  little  of  the  philosopher  to  command  respect;  and  as  to  the 
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"mechanical  equivalent  of  heat,"  the  language  ajsplied  to  it  by  its 
author,  Dr.  Jonle,  many  think,  may  just  as  well  be  continued,  from 
vol.  33  of  the;  "Phil.  Mag.,  London,  1843,"  page  44:3—"  The  hypothesis 
is,  I  con/ess,  sufficiently  a'ude" 

But,  in  vol.  35  of  the  same  work,  1849,  on  the  "  mechanical  equivalent 
of  heat,"  at  page  533,  the  Doctor  had  gained  sufficient  confidence  to 
say,  "Heat  is  not  a  substance,  but  a  mode  of  force."  But,  after  all, 
Webster's  Dictionary  is  the  best  guide,  which  says,  "  This  theory  of 
heat  seems  not  to  be  fully  settled."  Tyndall  (page  39)  says  thdX  heat 
is  "an  accident  or  condition  of  matter:  namely,  a  motion  of  its  ultimate 
particles,"  which  appears  to  be  the  same  as  Jonle's  '^  mode  of  force." 
But  what,  then,  is  "motion "  or  "  mode  ?  " — what  produces  them  ? — for 
it  will  not  surely  be  pretended  that  they  produce  themselves. 


THE   NEW   SYSTEM   OF   DISTILLATION   VfLTB.   CONSEKVATION   OE   HEAT. 

However  trite  the  remark,  that  "Vapor  is  of  the  same  temperature 
as  the  fluid  from  which  it  is  produced,"  there  is  nothing  trite  about  the 
subject-matter  itself — Heat — or,  if  the  savans  allow  —  Caforjcs. 

Still,  at  the  very  outset  we  are  baffled  in  the  attempt  at  generali- 
zation, for  the  fluid  must  be  chemically  homogeneous,  or  the  vapor  from 
it  will  not  correspond  with  the  text;  for  the  vapor  of  sea,  or  any 
other  saline  waters,  will  be  of  a  lower  temperature  than  the  waters 
themselves,  in  consequence  of  the  pure  vapor  of  water  only  escaping 
from  them,  in  the  same  manner  as  in  freezing,  that  jjrocess  excluding 
all  other  matter  than  pure  water,  not  excepting  even  air,  when  the 
process  is  conducted  under  the  most  favorable  circumstances. 

If  we  expose  water  in  an  open  kettle  over  a  fire,  the  heat  will 
gradually  accumulate,  with  little  loss  of  water,  by  vaporization,  until 
it  has  attained  the  temperature  and  pressure  due  to  the  atmosphere, 
which  we  will  assume  to  be  lOO'^  C. 

This  is  the  point  of  ebulition ;  and  so  rapidly  does  the  vapor  escape, 
that,  however  fierce  the  fire,  no  higher  temperature  can  be  given  to 
the  water  in  the  kettle.  Now,  this  is  a  most  wonderful  phenomenon, 
although  one  of  the  commonest  in  life.  It  is,  nevertheless,  but  little 
understood,  and  the  little  use  which  has  been  made  of  that  knowledge 
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is  scarcely  less  wonderful.  That  mankind  should  have  continued  to 
grovel  in  the  wake  of  Watt  for  more  than  eighty  years,  without  having 
produced  any  economical  improvement,  either  in  the  steam-engine  or 
the  condenser,  is  a  fact  which  cannot  be  denied;  while,  and  during  the 
whole  of  that  period,  at  least,  it  was  well  known  that  the  latent  heat  in 
steam,  constituting  eight-ninths  of  the  whole,  was  washed  away  in  a 
flood  of  condensing  water,  without  an  effort  being  made  to  save  it. 
although  so  palj^ably  in  the  true  direction  of  economical  improvement 
in  working  the  steam-engine. 

I  have  recently  had  forwarded  to  me  a  translation  of  a  document 
from  some  learned  Professors  of  Berlin  (relating  to  a  matter  in  which 
I  am  interested),  which  avers  that  steam  may  evaporate  more  than  its 
own  weight  of  water,  because  at  a  high  pressure  it  has  more  total  heat 
than  at  a  lower  one.  No  wonder,  then,  that  a  similar  error  should  be 
made  by  non-professionals  in  regard  to  a  celebrated  apparatus  for 
distilling  sea  water,  the  steam  from  which  is  represented  to  have  evapo- 
rated more  than  its  own  weight. 

In  the  case  of  the  Professors,  I  take  it  to  be  an  oversight;  but  in 
the  other  case,  it  is  simply  an  impudent  trick  of  trade,  asserted  without 
the  slightest  foundation  or  knowledge,  for  no  such  result  coiild  possibly 
have  been  attained. 

When  steam  is  used  for  the  iiurj^ose  of  evaporating  water,  the  vapor 
obtained  must  necessarily  be  of  a  somewhat  lower  temperature,  and, 
at'  the  same  time,  its  total  heat  wiU  be  less.  That  is  admitted.  But 
the  latent  heat  increases  in  a  much  higher  ratio  than  the  total  heat 
diminishes  by  reduction  of  temperature,  according  to  the  received 
theory.  Each  degree  of  temperature  reduced  causes  a  decrease  ^t.305 
of  the  total  heat,  and,  of  course,  the  latent  heat  increases  t.695,  or  its 
complement,  for  the  sum  of  the  temperature  and  the  latent  heat  con- 
stitutes the  total  heat.  Hence,  the  heat  constituents  of  steam  vary 
with  its  temperature,  and  a  change  iu  any  one  of  them  involves  a 
change  in  all,  the  total  heat  being  always  represented  by  t.  305+606. 5. 
In  ordinary  condensation  of  steam,  the  latent  heat  is  entirely  converted 
into  sensible  heat  on  being  absorbed  by  the  water,  the  temj^erature  of 
which  is  increased  in  proportion  to  the  relative  quantity  used.  As  a 
rude  illustration,  take  Fig.  1,  in  which  the  water  is  heated  by  a  furnace 
(A)  from  0°  to  100".     It  has  absorbed   100  calorics  and  still  remains 


88 

water.  Pass  tliis  water  over  another  furnace  (B)  of  5.37  the  power, 
and  it  will  not  show  any  change  of  temperature,  but  will,  nevertheless, 
have  absorbed  537  calorics,  which  have  passed  through  and  carried 
with  it  a  unit  of  watei',  which  goes  over  as  vapor  into  the  condenser 
(C)  containing  the  whole  of  the  calorics  absorbed  from  both  furnaces 
(A  and  B).  viz.,  637,  of  which  537  are  latent  and  only  100  sensible. 
Condense  this  vapor,  and  the  537  calorics  will  be  converted  into  sensible 
heat  in  the  abundance  of  water  necessarily  used  in  this,  the  ordinary 
mode  of  surface  condensation.  The  water  resulting  from  the  condensa- 
tion of  the  vapor  remains  at  the  same  temperature  as  it  had  attained 
in  the  first  furnace,  viz.,  100°;  but  it  may  be  cooled  down  to  any  prac- 
tical extent  in  a  separate  vessel,  according  to  the  quantity  and  tem- 
perature of  the  refrigerating  or  cooling  medium.  The  quantity  of 
water  required  on  this  system,  for  condensation  and  cooling,  is  rarely 
less  than  60  units,  and  sometimes  double  that  quantity  may  be  required. 
In  this  case  the  latent  heat  is  wholly  and  irrecoverably  lost  in  the  flood 
of  cold  water  escaping  at  B'  with  537  calorics. 

Now  bring  down  the  rider,  Fig.  2.  A  and  B  remain  and  operate 
just  as  before,  nor  is  there  any  change  in  the  condenser;  but  the 
operation  of  the  condensing  -water  is  wholly  changed,  and  cannot  exceed 
by  weight  an  unit  to  an  unit  of  vapor  to  be  condensed. 

The  vapor  descends  (as  before)  within  the  condenser  (C)  and  becomes 
water,  in  consequence  of  the  latent  heat  having  gone  into  the  condensing 
water,  which  enters  at  0°  and  leaves  at  90*^  (just  as  the  furnace  A  raises 
water  from  0°  to  100°).  After  that  it  operates  like  the  furnace  B,  and 
passes  the  remainder  of  the  537  calorics,  viz.,  447=(537— 90),  through 
the  water  without  aflfectiug  its  temperature.  This  effect  is  produced  by 
removing  about  one-third  of  the  pressure  of  the  atmosphere  (by  an  air- 
pump),  which  causes  the  water  to  boil  on  the  outside  of  the  condenser 
at  90°  (at  which  temperature  the  latent  heat  in  vapor  is  but  54:4  calorics), 
while  on  the  inside,  and  under  the  full  pressure  of  the  atmosphere,  it 
requires  100^  to  cause  ebulition.  The  water  at  90°,  at  first  sensible, 
next  follows;  and  thus  the  whole  537  calorics  have  gone  through  the 
condensing  water,  and  gradually  changed  it  into  vapor,  =.987  (nearly) 
of  an  unit,  because  (.987x544)  =537  calorics  is  all  that  the  vapor  at  100° 
has  to  jjart  with;  hence,  the  condensing  water  must  be  .013=(1. — .987) 
less  in  weight  than  the  vapor  condensed. 


89 

We  now  place  Fig.  3  as  a  rider  to  Fig  1,  and  we  find  it  just  the  same 
as  Fig.  2,  so  far  as  the  condensing  water  increasing  to  90*^  and  the  447 
calorics  passing  through  it,  as  before. 

Now,  however,  we  have  no  air-pump;  but,  instead  of  it,  we  have  a 
100-caloric  furnace,  which  operates  the  same  as  A  in  furnishing  100 
calorics  to  the  water;  but,  instead  of  being  at  the  commencement  of 
the  oiaeration,  it  precedes  the  end  thereof.  Consequently,  but  10°  of 
sensible  heat  are  added  to  the  90°  to  make  100°  of  temperature  from  the 
"perpetual  complementary  furnace,"  which  also  supplies  90  calorics  in 
addition,  just  as  the  furnace  B  supplies  its  537  calorics,  for  in  both  cases 
the  respective  calorics  pass  through  the  water  without  affecting  the  tem- 
perature thereof. 

We  now  see  how  to  dispense  with  the  furnaces  A  and  B,  and  also  the 
starting  steam-pipe— by  salvage  of  the  whole  of  the  latent  heat  from  the 
vapor  under  condensation,  amounting  to  537  calorics,  and  complementing 
it  with  100  calorics  from  the  furnace  aforesaid,  which  thus  brings  back 
vapor  for  the  condenser  in  every  particular  similar  to  that  supplied  in 
Fig.  1. 

It  is  scarcely  necessary  to  say  that  any  desirable  pressure  may  be 
obtained  to  work  a  steam-engine  on  this  principle  of  condensation. 
Nevertheless,  a  high  pressure  is  not  desirable ;  because,  although  the 
total  heat  increases  therewith,  the  latent  heat,  which  constitutes  the 
salvage,  decreases,  as  before  explained. 

In  staTting,  without  the  "steam  starting-pipe,"  the  time  will  neces- 
sarily be  increased,  biit  not  very  considerably,  because  the  apparatus 
will  commence  woi'king  as  soon  as  the  water  boils  over  the  complementary 
furnace. 

Excluding  high-jiressure  steam  as  dangerous  ajid  unnecessary,  and 
the  air-pump  as  a  complication  and  a  great  source  of  accidents,  I  propose 
to  operate  with  the  simplest  apparatus  possible  under  the  pressure  of  the 
atmosphere,  in  such  a  manner  as  to  utilize  the  whole  of  the  537  latent 
calorics,  still  losing  100,  although  70  of  them  are  capable  of  salvage, 
theoretically  at  least ;  but  I  hope,  ere  long,  to  have  the  honor  of  showing 
you,  Mr.  President  and  gentlemen,  the  salvage  which  is  obtainable, 
practically,  in  distilling  sea  water. 

The  modus  operandi  rests  upon  this  basis,  viz.:  if,  with  its  own 
weight  of  water,  vapor  can  be    condensed    (which    can  only   be   done 
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by  causing  a  portion  of  its  latent  lieat  to  remain  in  that  state),  the 
resulting  total  heat  must  be  complemented  with  as  much  as  has  been 
parted  with  in  the  vapor  water,  and  thus  become  vapor  again,  precisely 
as  before. 

In  the  ordinary  method  of  distilling  sea- water,  there  must  always  be 
a  considerable  loss  from  blowing  off  the  concentrated  hot  ^rine,  in  order 
to  prevent  scaling  the  boiler.  This  difficiilty  is  eflfectually  got  rid  of  by 
the  method  which  I  have  to  propose,  so  far,  at  least,  as  that  is  concerned, 
thus: 

If  for  every  unit  of  distilled  water  obtained  from  the  apparatus,  an 
unit  of  brine  is  allowed  to  run  to   waste,  it   is   obvious   that   the   waste 


-(;)■ 


is   double   brine,  and  is   represented  by  2.=  I   -  I,    the    normal   brine 

being  1.  The  reason  is  obvious,  for  we  have  the  whole  of  the  salt  in 
the  one  unit  of  waste  brine  which  was  previously  in  two  units  of  the 
normal  brine.  If  it  is  desirable  to  reduce  the  strength  of  the  waste 
brine  and  thus  save  the  boiler,  admit  more  brine  to  run  to  waste.     Thus 

if  two  units  of  waste  brine  to  one  of  the  distilled  water,  then  I  —  I  =1.5 
is   the   strength  of  the  brine,  if  three  times  I  7"  I  =li,— if  four   times 


O 


=U. 


id=''' 


If  five  times  I  —  I  =li  is  the  strength  of  the  brine.     This  principle 


also  applies  to  alcoholic  distillation  from  wash  with  great  advantage, 
because  all  the  alcohol  may  be  abstracted  at  one  distillation.  The 
process  is  continuous,  and  there  remains  no  sediment  requiring  to  stop 
distillation  to  clean  out. 

We  have  seen  that,  according  to  Kegnault,  vapor  at  a  temperature 
of  lOO'J  C.  has  637  calorics;  and  if  we  plunge  an  unit  by  weight  thereof 
into  6.32  of  water  at  15°  C,  we  shall  have  nearly  732  (637+6.32x15) 
calorics  in  7.32=(l.+6.32)  units  of  water,  at  a  temperature   of  100^  C 

732  \ 

In   other  words,  one  by  weight  of  vapor  at  100"  C.  will 


\7.32/ 
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raise  the  temperature  of  6.32  times  its  own  weight  of  water  to  its  own 
temperature  of  100''  C.  from  15'='  C. 

The  vapor  retains,  when  condensed,  its  normal  temperature  of  100°, 
while  the  G.32  of  water  absorbs  all  the  latent  heat,  viz.,  537  calorics,  and 


V6.32/ 


85^  is  added  to  the  initial  temperature  of  the  condensing  water. 


Avhich  thus  becomes  100=(15-|-85). 

Now,  therefore,  if  we  retain  the  original  vapor  water  at  100*^  in  a  close 
surface-condenser,  we  have  condensing  water  at  the  same  temperature 
(100°  C),  which  requires  537  calorics  to  be  added  to  one  unit  thereof 
to  produce  vapor  having  G37  calorics,  as  at  the  starting  point,  which 
is  a  gain  of  85  calorics;  and  we  have  then  4;52=(5.32x85)  calorics  to 
run  to  waste,  in  5.32  units  of  water  at  100^  C. 

But  the  waste  water  will  not  exceed  a  temperature  of  96°  as  it  runs 


to  waste,  and,  therefore,  all  less   than  5.55=1  —  I  will  be  salvage,  to 


/532\      . 
=  I  —  I  wi 


be  added  to  that  of  85  calorics  out  of  637,  amounting  to  13.34:  per  cent. 
In  other  words,  for  every  unit  of  vapor  water  obtained,  we  may  run  live 
and  a  half  (5.55)  to  waste,  and  still  have  the  following  advantage  over  the 
ordinary  method: 

1st.   13.34  per  cent,  salvage  in  the  feed-water  =85°=(100— 15). 

2d.  No  blowing  through  is  required  to  clear  out  the  concentrated 
brine  from  the  boiler  water,  which,  if  blown  oflf  at  double  concentration 

I  —  I ,  will  have  to  be  sujiijlied  with  water  at  15°  C. ,  instead  of  100°, 

causing  a  loss  of  13.34  per  cent.,  which,  added  to  the  former  saving, 
makes  the  whole  salvage  =26.68  per  cent,  over  the  ordinary  method. 

3d.  Less  loss  by  radiation,  by  avoiding  the  use  of  steam  as  a  heating 
medium,  which  requires  a  larger  chamber,  and,  therefore,  exposes  more 
surface  to  radiation, 

4th.  More  water  will  be  evaporated  by  the  same  fuel,  in  consequence 

/7.32\ 
of  the  concentration  of  the  brine  not  exceeding  1.12^  I  ^ —  I ,  the  boil- 


\6.32/ 


ing  point  being  100.721°  C,  instead  of  2,  when  the   boiling  point  is 
101.288°  C. 
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5tli.  The  very  low  temperature  (never  exceeding  101°  C.)  at  which 
the  process  is  conducted,  avoids  any  possible  danger  and  greatly  reduces 
the  loss  by  radiation,  and  avoids  scaling,  while  rendering  unnecessary 
the  sounding  an  alarm  by  blowing  off  vapor. 

6th.  Wear  and  tear  of  apparatus. 

As  these  advantages  are  indisputable,  it  must  be  admitted  that  the 
system  is  economical,  and  that  too,  whether  the  latent  heat  is  available 
or  not. 
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BETON-COIGNET,  ITS  FABRICATION  AND  USES. 

A  paper  read  before  the  Society  March  3,  1869,  by  Leonako    F.  Beck- 
wiTH,  Civil  Engineer,  Member  of  the  Society. 

Note. — The  substance  of  the  following  paper  is  coutained  in  a  report  which  1  submitted  to 
the  United  States  Commission  at  the  Universal  Exhibition  in  1867,  together  with  later 
information  on  the  subject. 

NATURE   AND   VAKIETIES   OF   BETON. 

Definitions. — Common  beton,  or  concrete,  is  a  conglomeration  of  sand, 
pebbles,  broken  stones,  common  lime,  and  water. 

Common  beton  for  marine  uses  is  a  conglomerate  of  similar  stones, 
hydraulic  lime,  and  water. 

Beton-coignet,  to  which  this  paper  relates,  is  an  artificial  stone  formed 
of  sand,  lime,  and  water,  and  is  used  in  blocks,  or  in  continuous  masses, 
for  foundations,  walls  above  and  belqw  ground,  sewers,  water-pijies, 
floors,  pillars,  arches,  retaining- walls  for  embankments,  aqueducts,  reser- 
voirs, cisterns,  and  the  entire  walls  of  buildings. 

The  elements  are  the  same  as  those  of  common  mortar  for  masonry; 
but  the  relative  proportions  of  each,  the  method  of  making,  and  the 
results  are  diflferent. 
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Theory  of  Concretion. — Common  mortar  being  composed  of  sand,  lime, 
and  water,  the  theory  of  its  concretion  may  be  briefly  stated  as  follows: 

1.  The  chemical  changes  which  occur  from  the  contact  of  quicklime 
(oxide  of  calcium)  and  water,  produce  hydrate  of  lime,  and  the  subse- 
quent absorption  of  carbonic  acid  from  the  air,  disi^lacing  the  water, 
laroduces  carbonate  of  lime. 

2.  The  strength  and  hardness  of  mortar  result  from  the  cohesion 
of  sand  and  carbonate  of  lime,  and  from  the  crystallization  of  the  car- 
bonate, which  grasps  and  binds  the  grains  of  sand. 

3.  Homogeneity  depends  upon  the  equal  and  uniform  diffusion  of 
the  lime  among  the  sand. 

4.  An  excess  of  lime  in  proportion  to  sand  produces  great  shrinkage 
and  imperfect  crystallization,  and  leaves  the  mass  brittle  and  weak. 

5.  An  excess  of  water  in  proportion  to  lime  cannot  combine  Avith 
it,  but  lodges  between  the  particles  of  sand  and  lime,  and,  by  slow 
evaporation,  leaves  the  mass  porous  and  friable. 

6.  The  practical  difficulties  are:  first,  to  find  the  projiortions  in  which 
the  elements  will  best  combine;  and,  second,  to  produce  the  conditions 
most  favorable  to  their  combination. 

Observation.  — Common  sandstone  is  usually  composed  of  large  quan- 
tities of  silicious  sand  and  small  quantities  of  some  cementing  substance; 
oxide  of  iron,  clay,  carbonate  of  lime,  &c.,  &c. ;  therefore, 

7.  The  right  elements  being  pro^jerly  mixed  and  in  due  proportions, 
each  grain  of  sand  enveloped  in  a  coating  of  moistened  lime,  and  all 
the  grains  brought  into  contact — the  conditions,  in  short,  being  right- 
crystallization  should  be  simultaneous  and  uniform  throughout  the  mass. 

This  line  of  thought,  pursued  through  a  long  series  of  expeiiments, 
has  ijroduced  the  beton-coignet,  a  kind  of  calcareous  sandstone  of  great 
durability,  admirably  adapted  to  numerous  and  common  wants,  and  of 
small  comparative  cost,  its  elements  being  found  in  abundance  in  all 
countries. 
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Composition. — A  large  quantity  of  sand,  a  smaller  quantity  of  lime, 
and  a  little  water — only  water  enough  for  quick  assimilation  with  the 
lime,  to  ijrejjare  it  for  crystallization,  and  lime  enough, when  uniformly 
diffused,  to  form  a  thin  coating  to  the  grains  of  sand. 

These  ingredients,  when  properly  manipulated,  are  barely  moist,  but 
the  prepai'ation  is  complete  and  ready  for  use. 

The  mixture  is  handled  with  shovels  and  transported  in  carts  and 
wheel-barrows,  the  same  as  dry  sand.  It  may  be  sjjread  on  the  ground 
for  foundations  or  floors,  placed  in  moulds  for  blocks  of  different  models 
and  sizes,  and  shovelled  into  cribs  of  planks  to  give  shai^e  to  walls,  or 
dumped  into  trenches  provided  with  wooden  forms  for  the  sides  and 
arches  of  sewers. 

The  beton,  when  placed,  should  be  slightly  compacted  by  the  use 
of  light  hand-pestles,  to  perfect  the  contact  of  particles  and  hasten  the 
processes  of  solidification.  In  a  short  time,  the  spontaneous  action 
which  follows  will  be  complete,  and  the  forms  may  be  removed. 

Varieties. — Betons  cemented  with  different  sorts  of  lime  attain  the 
same  final  solidity  and  strength,  but  reqiiire  various  periods  of  time  for 
consolidation. 

Common  lime  sets  slower  than  hydraulic  lime,  and  the  latter  sets 
slower  than  cement;  in  other  words,  crystallization  is  quicker  in  each  of 
the  vai'ieties  named,  reversing  the  order. 

Hydraulic  lime,  in  addition  to  quicklime,  contains  alumina,  oxide  of 
iron,  silica,  magnesia,  &c.,  etc.;  and  cement  consists  of  similar  elements, 
with  the  alumina,  silica,  &c.,  augmented.  The  latter  hardens  quicker 
than  the  preceding,  and  gives  a  finer  and  smoother  surface. 

Consequently,  when  time  is  of  importance  and  structures  are  required 
for  immediate  use,  hydraulic  lime  is  substituted  for  common  lime;  and, 
to  quicken  the  result,  a  portion  of  cement  is  usually  added. 

Lime  for  common  mortar  should  be  slaked  at  least  twenty -four  hours 
before  it  is  mixed.  For  beton-coignet  the  lime  should  be  slaked  but 
two  or  three  hours  before  it  is  mixed;  barely  enough  water  should  be 
applied  to  reduce  it  to  powder,  and  the  supplementary  water  applied 
in  mixing  should  be  only  sufficient  to  render  the  lime  damp  and  adhesive, 
leaving  still  in  the  lime  a  capacity  for  the  absorjjtion  of  water.  The 
natural  affinity  of  the  lime  for  moisture  being  thus  incompletely  satis- 
fied, renders  the  taking  or  crystallization  more  vigorous  and  rapid,  and 
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promotes  the  subsequent  carbonation  by  the  readier  absorption  of 
carbonic  acid. 

The  slaked  lime,  when  used,  should,  be  in  fine  powder,  and  it  is 
sometimes  passed  through  a  wire  sieve,  of  about  1  000  meshes  to  the 
square  inch,  to  free  it  from  unslaked,  and.  unburnt  particles. 

Coarse  sand,  makes  a  harder  beton  than  fine  sand,  and  the  taking  is 
stronger.  Clean,  sharp  river  sand,  one-twentieth  to  three  twentieths  of 
an  inch  in  diameter,  is  best;  all  kinds,  however,  are  used,  and,  if  it  con- 
tains earthy  jjarticles,  more  lime  is  required.  Fine  sand  requires  greater 
care  and  more  jjacking  for  consolidation. 

Pozzuolana  or  crushed  brick  shoiild  not  be  added,  as  they  render  the 
beton  porous  and  hygrometric.  * 

Beton-coignet  may  be  described,  generally,  as  composed  of — sand, 
4  to  5  parts  in  volume;  lime,  common  or  hydraulic,  1  part  in  volume; 
cement,  i  to  J  of  1  part  in  volume;  water,  variable — -,^o  of  the  total 
weight' of  the  mixture  being  considered  a  maximum. 

FABRICATION   AND   PROPERTIES   OF   BETON. 

Mixing. — The  machinery  most  in  use  for  mixing  consists  of  a  vertical 
oyhnder,  an  elevator,  and  a  locomobile  for  working  the  machine. 

Mixing  Cylinder. — The  mixing  cylinder  is  1  foot  11^  inches  interior 
diameter,  and  4  feet  IJ  inches  high.  It  is  constructed  of  boiler-plate, 
and  rests  on  a  cylindrical  base  of  cast-iron,  with  projecting  arms  for 
sui^ports  and  for  sustaining  the  bottom  plate,  which  is  suspended  and 
immovable. 

A  vertical  wrought-iron  shaft,  2f  inches  square,  passes  through  the 
centre  of  the  cylinder,  to  which  shaft  from  10  to  16  curved  arms"  of 
ellii)tical  section  are  attached,  and  revolve  horizontally  for  mixing  the 
sand  and  lime.  A  revolving  distributor  receives  the  lime  and  the  sand 
as  they  enter  the  cylinder  at  the  top  from  the  conducting  trough,  and 
distributes  them  equally  around  for  mixing. 

Attached  to  the  sides  of  the  cylinder  are  short,  stationary,  horizontal 
arms,  forming,  with  the  movable  arms,  breaks  for  dashing  and  mixing 
the  sand  and  lime.  Three  warped  or  helicoidal  blades  are  attached  to 
the  lower  part  of  the  shaft  for  forcing  and  ploughing  the  mixture  down- 

*  Sand  containing  salt  Bhould  be  avoided  for  the  same  reasons. 
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wards  and  oiitwards,  and  three  cycloidal  arms  revolve  horizontally  near 
the  floor  of  the  cylinder  to  expel  the  mixture  at  the  sides  opening 
around  the  bottom.  This  circular  opening  is  enlarged  or  diminished  by 
moving  up  or  down  a  baud  of  iron  which  passes  around  the  cylinder, 
and  which  works  on  vertical  iron  guides.  Finally,  below  the  bottom 
plate  of  the  mixing  cylinder  is  a  second  jilate,  which  is  attached  to  the 
vertical  shaft  and  revolves  with  it. 

Elevator. — The  elevator  is  supported  on  a  double  frame  of  wood,  with 
an  inclination  of  1  of  height  for  ll  of  base,  and  consists  of  13  small 
sheet-iron  buckets  attached  to  an  endless  chain  revolving  roimd  two 
drums.  Each  frame  consists  of  two  pieces  united  by  a  cast-iron  joint, 
and  strengthened  at  intervals  with  iron  plates  in  which  are  set  rollers. 

Locomohile. — The  aj^paratus  is  run  by  a  portable  steam  engine,  of  8 
to  12  horse  power.  The  locomobile  is  non-condensing  and  double-acting- 
and  is  i>rovided  with  a  cylinder  for  heating  the  water  by  the  escaped 
steam  ;  the  whole  is  placed  on  springs  and  rests  on  wheels.  The  num- 
ber of  revolutions  per  minute  is  about  100.  Length  of  stroke  16  inches; 
diameter  of  steam  cylinder  8  inches.  The  pressure  of  steam  is  5  atmos- 
pheres, corresponding  to  73  pounds  per  square  inch. 

Driving  Gear. — The  power  is  transmitted  by  a  belt  to  the  shaft  of 
the  upper  drum  of  the  elevator,  and  thence  by  a  crossed  belt  and  a  set 
of  bevelled  wheels  to  the  vertical  shaft  of  the  mixing  cylinder.  The 
apparatus  is  provided  with  a  fly-wheel. 

The  mixing  cylinder  may  be  worked  by  horse  power,  and  in  that  case 
the  elevator  and  chief  ijart  of  gearing  are  dispensed  with. 

Rate  of  Production. — A  mixing  cylinder  of  1  foot  11^  inches  diameter 
and  4  feet  IJ  inches  high,  run  by  a  locomobile  of  about  8-horse  power, 
will  produce  daily  from  100  to  130  cubic  yards  of  beton. 

The  same  apparatus  run  by  a  one-horse  power  will  produce  daily 
from  12  to  15  cubic  yards. 

Details  of  Fabrication.  — Alternate  layers  of  sand  and  slaked  lime  in 
powder  are  thrown  into  a  heap,  about  a  cubic  yard  in  qiiantity;  are 
mixed  with  shovels  on  the  ground,  and  then  passed  into  the  buckets  of 
the  elevator.     The  latter  discharges  into  the  inclined  shute  which  con- 
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ducts  to  the  mixing  cylinder.  When  cement  is  added  it  should  be  pre- 
viously well  mixed  with  a  little  water  in  a  trough,  through  which 
revolves  a  small  shaft  with  arms,  and  then  added  in  small  quantities  to 
the  materials  in  the  cylinder.  The  mixing  apparatus  being  in  operation, 
small  quantities  of  water,  a  glass  or  pint  at  regular  intervals  of  time,  are 
poured  in  through  a  rose  at  the  top  of  the  cylinder  by  a  boy  stationed 
for  that  purpose.  To  insure  regularity  in  the  distribution,  a  circular 
pipe  round  the  upper  end  of  the  cylinder  is  sometimes  used.  It  is 
pierced  at  regular  iutervals  with  a  series  of  small  holes,  through  which 
the  water,  supplied  from  the  reservoir  above,  trickles  into  the  cylinder. 
The  quantity  of  water  to  be  added  varies  with  the  materials,  and  must  be 
regulated  by  observation,  the  foreman  i3ersonally  controlling  the  supply. 
The  beton  issuing  from  the  cylinder  should  be  moist,  granular  to  the 
touch,  and  when  made  into  a  ball  and  slightly  compacted  in  the  hands, 
should  retain  its  form  and  harden  rapidly.  The  mixture  in  the  lower 
part  of  the  cylinder  is  forced  downwards  by  the  helicoidal  arms  and 
then  outwards  by  the  cycloidal  arms,  through  the  opening  round  the 
cylinder.  The  expulsion  through  the  opening  pushes  it  off  the  bottom 
jalate  at  every  point  of  its  circumference,  and  falling  on  the  revolving 
plate  it  is  carried  round  till  arrested  by  a  fixed  scraper  which  collects 
and  shoots  it  oif  on  to  the  groimd  or  into  Ijoxes. 

A  thorough  mixing  is  imi^ortant  for  a  rapid  setting  and  hardening  of 
beton.  For  ordinary  masonry  one  mixing  is  sufficient;  for  finer  work 
a  second  mixing  in  the  same  a})paratus  is  advisable.  The  first  run  or 
two  is  always  put  back  into  the  mixing  cylinder,  as  it  is  generally  im- 
perfectly mixed. 

When  a  rapid  taking  is  necessary,  as  in  winter  work,  etc. ,  the  mixture 
may  be  artificially  heated  up  to  170"  or  212°  Fahr.  (80''  to  100°  0.) 
during  the  operation  of  mixing.  For  this  purpose  heated  air  or  steam 
is  introduced  into  the  mixing  cylinder  throxigh  a  pipe  bored  with  small 
oiJcnings,  or  else  the  cylinder  itself  may  be  heated  by  a  spiral  tube  in 
Avhich  steam  or  hot  water  circulates.  Heating  quickens  the  drying 
and  hastens  the  taking  and  hardening  of  the  materials;  it  also  darkens 
the  color. 

Packing. — The  beton  taken  directly  from  the  mixing  cylinder  is 
wheeled  iu  barrows  to  the  V)uilding,  shoveled  into  moulds  or  forms  in 
successive  layers  about   G  inches  thick,  and  each  layer  steadily   com- 
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pressed  with  wooden-hand  pestles  or  rammers,  weighing  from  15  to 
30  pounds.  The  upper  surface  of  each  layer  should  be  left  rough  or 
roughened  with  an  iron  rake  to  produce  a  good  joint  with  the  layer 
above. 

Generally  1 1%  cubic  yards  of  loose  material  from  the  mixing  ap- 
paratus will  compact  into  a  cubic  yard  of  wall.  The  subsequent  hardness 
of  beton  depends  greatly  on  jsacking. 

Moulding. — There  are  two  methods  of  moulding:  First,  Moulding  in 
Place. — Walls  for  buildings  are  constructed  in  sections  of  about  3  feet 
in  height,  and  10  to  15  feet  in  length.  For  this  purpose  a  crib  or  frame- 
work and  boards,  forming  two  sides  of  a  box,  is  constructed  with  an 
interior  space  equal  to  the  thickness  of  the  intended  wall;  the  sides  of 
the  crib  are  kept  in  place  by  small  iron  rods  which  connect  them, 
passing  through  the  wall  and  to  be  subsequently  withdrawn.  The  loose 
beton  is  shoveled  into  the  crib  and  compacted  with  the  pestle;  sub- 
sequently the  connecting  rods  are  withdrawn,  the  sides  of  the  crib  or 
mould  are  lifted  up,  a  second  section  is  formed  in  like  manner  on  the 
top  of  the  first,  and  the  work  continues  in  this  way  till  the  wall  reaches 
the  required  height.  Second,  Moulding  in  Blocks. — Building  blocks  of 
various  sizes,  hardness  and  forms,  with  or  without  ornaments,  are  made 
of  beton  in  moulds,  in  the  same  manner  as  sections  of  wall  above  de- 
scribed, and  the  blocks  are  laid  with  joints  of  mortar  like  other  stone. 
Blocks  and  slabs  for  balconies,  steps,  fountains,  columns,  cornices,  pilas- 
ters, etc.,  are  formed  in  like  manner.  , 

Properties. — Different  properties  of  beton-coignet  tested  at  the  Coti- 
sercatoire  des  Arts  et  Metiers,  give  the  following  results,  indicated  in  the 
annexed  table. 
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An  examination  of  the  preceding  table  will  show  that  the  strength  or 
bearing  power  of  each  variety  of  beton  is  sufficient  for  ordinary  uses, 
but  that  the  differences  are  great;  and  a  more  careful  study  will  trace 
these  differences  to  the  properties  of  various  sands,  to  proportions  of 
sand,  lime,  cement  and  water,  and  to  the  peculiar  ingredients  inherent 
in  the  various  limes  derived  from  different  localities. 

But  an  elaborate  explanation  of  the  table  would  have  no  particular 
value,  as  similar  substances  derived  from  different  localities  are  never 
exactly  alike,  and  the  best  mixture  in  each  particular  case  must  be 
ascertained  by  actual  experiments,  which  are  easily  made,  the  results 
being  simi^le  and  obvious. 

Most  of  the  l)etons  in  the  preceding  table  are  stronger  than  is  neces- 
sary for  ordinary  uses,  and  if  used,  the  thickness  of  the  structures  as 
compared  with  common  masonry  may  be  diminished.  For  the  more 
common  purposes  betons  of  more  sand  and  less  lime  are  used. 

The  tensile  and  bearing  strength  of  baton  is  variable,  as  is  that  of 
every  kind  of  stone;  the  tensile  strength  of  beton-coignet  varies  from 
288  to  426  pounds  per  square  inch,  and  the  crushing  strengtli  from  2,634 
to  7,495  pounds  j)er  square  inch.  The  following  table  shows  the  range 
of  strength  and  relative  strength  of  the  different  kinds  of  building 
materials  named  : 


CrushiDg  strength  in  pounds 
per  square  inch 


Tensile    strength    in  pounds 
per  square  inch 


Mortar. 

Common 

B6ton 
(Concrete). 

B6ton- 
Coignet. 

Brick. 

Lime- 
stone. 

Sand- 
stone. 

(  280 

to 

(2100 

(   50 

to 

(  290 

! 1 

77 
to 
3G0 

2G34 

to 

7495 

288 
to 
426 

550 

to 

1700 

115 
to 
300 

4000 

to 

5500 

120 
to 
864 

2200 

to 

6500 

180 
to 
900 

Granite. 


5500 
to 
11000 


The  specific  gravity  of  beton  varies  from  2.09  to  2.35,  and  a  cubic 
yard  weighs  about  3  700  pounds. 


APPLICATIONS    OF    BfiTON-COIGNET. 


Warehouses,  Chrcrches,  Granaries,  Cellars,  Foundations. — Structures, 
buildings,  and  foundations  of  solid  masses  of  beton  suffer  less  than  ordi- 
nary materials  from  unequal  settling  of  the  ground,  because  the  beton 
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exactly  fills  the  excavation  prepared  for  it.  Underground  rooms  and 
cellars  built  of  it  are  particularly  free  from  damp. 

The  railway  station  at  Suresnes,  several  houses  at  St.  Denis,  the 
Gothic  church  at  Vesinet,  etc.,  are  examples  of  this  kind,  and  from  the 
absence  of  joints  are  as  if  made  of  one  block  of  stone. 

Cheap  dwellings  for  workmen  are  now  in  course  of  construction  in 
several  localities  in  France. 

A  small  house  of  beton-coignet  was  exhibited  at  the  Champ  de  Mars 
with  si^ecimens  of  arches,  piers,  slabs,  statues,  fountains,  etc.,  finely 
moulded  and  well  made  by  Mr.  Coignet. 

The  materials  for  common  work  of  the  above  kind  are  five  parts  of 
sand,  one  of  lime,  and  the  ordinary  quantity  of  water. 

Arches  and  Vaults. — Arches  and  vaults  built  of  a  single  block  of 
beton,  act  like  a  slab  which  has  been  partially  hollowed  out  beneath  ; 
they,  consequently,  have  less  lateral  thrust  than  if  composed  of 
voussoirs  of  separate  blocks  of  stone.  The  versed  sine  of  these 
arches  and  vaults  is  generally  from  -,-V  to  iV  oi  the  span.  The  rapid 
setting  of  the  material  enables  the  centres  to  be  struck  within  a  few 
days. 

Various  experiments  have 'been  made,  with  good  results,  to  test  the 
strength  of  beton  for  arches.  In  December,  1861,  the  engineers  of  the 
Pouts  et  Chaussees  experimented  on  an  arch  of  beton,  of  39.36  feet 
span,  0.82  feet  thick  at  the  crown,  and  3.28  feet  wide.  At  the  end 
of  a  year  a  rectangular  block,  1.148  feet  wide  by  0.656  feet  long  and 
0.82  feet  deep,  was  first  cut  out  of  each  side  of  the  crown,  leaving  a 
section  0.82  feet  deep  by  0.984  feet  wide  to  sustain  the  whole  thrust 
of  the  arch. 

This  section  was  successively  diminished  in  width  from  0.984  feet 
to  0.328  feet,  then  to  0.197  feet,  still  retaining  the  depth  of  0.82  feet, 
and  finally  to  0.164  feet,  with  a  depth  of  0.656  feet,  at  which  point 
rupture  took  place.  This  experiment  proves,  in  a  satisfactoi'y  manner 
the  enormous  resistance  to  crushing  which  beton-coignet  is  capable  of. 

An  exj)erimental  arch  on  the  Quay  de  Billy  has  a  span  of  55^  feet ; 
versed  sine,  4  feet ;  thickness  of  crown,  14  inches,  with  good  results. 

Beton  is  used  for  arches  and  vaults  in  the  structures  of  the  Northern 
Railway  at  Paris,  the  new  prison  of  the  Madelonnettes,  and  in  the  new 
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barracks  of  Notre  Dame.  In  the  latter  an  arclied  vault  was  built  of 
18  feet  span,  1^  feet  versed  sine,  8 J  inches  thick  at  the  crown,  with 
surface  of  14  square  yards,  on  which  experimental  weights  of  47  tons 
were  placed  for  a  fortnight  without  damage.  Beton  was  afterwards 
used  for  all  the  similar  arched  vaults  in  the  building,  giving  a  surface 
of  3,588  square  yards. 

At  Vitry-en-Perthois  a  bridge  of  beton  has  been  built,  consisting  of 
2  arches,  each  of  54.94  feet  span  and  4.26  feet  versed  sine.  This  bridge 
resi-sts  a  jire-ssure  at  various  points  of  711  pounds  per  square  inch,  and 
its  cost  is  the  same  as  if  made  of  wrought-iron  girders  arched  with 
brick. 

In  the  winter  of  1866,  several  arches  of  beton-coignet,  18  feet  span, 
were  built  under  the  stair-approach  from  "Westminster  Bridge  to  the 
southern  embankment  of  the  Thames  ;  and,  notwithstanding  some  very 
severe  frosts,  the  work  suffered  no  delay  and  gave  good  results.  As 
a  precaution  against  frost,  it  is  prudent  to  cover  the  work  with  tar- 
paulins. 

At  Aubervilliers  the  machinery  of  a  considerable  saw-mill  is  placed 
on  an  arch  of  33  feet  span  ;  versed  sine,  6^  feet. 

Mr.  Coignet  exhibited  at  Paris,  in  1867,  several  arches  of  beton  ; 
also  half  an  arch  springing  from  a  i^ier  and  cut  square  off  at  the 
crown,  maintaining  itself  in  that  position  by  its  great  tensile  strength 
alone. 

The  ventilation  of  the  Exhibition  Building  at  the  Champ  de  Mars 
is  effected  by  underground  works  consisting  of  a  series  of  circular 
and  radial  galleries,  arched  with  beton,  span  about  10  feet,  for  the 
circulation  and  suj^ply  from  below  of  cool  air  through  openings  in 
the  floor. 

The  outer  gallery  is  33  feet  in  width,  8.2  feet  high,  and  1,443  yards 
in  length.  The  groined  arches  of  beton,  5^  inches  thick  at  the  ci'own, 
are  supported  on  two  rows  of  beton  pillars,  1  foot  2  inches  square  and 
864  in  number,  carrying  a  roof,  the  upper  surface  of  which  forms  a 
beton  floor  of  15,873  square  yards  of  surface. 

The  quantity  of  beton  consumed  in  these  galleries  was  353,166  cubic 
feet. 

The  materials  of  this  structure  were  :  four  parts  of  sand,  one  of  lime, 
and  one-half  part  of  Portland  cement. 
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Wails. — The  embankment  on  which  runs  the  Avenue  de  I'Empereur, 
at  the  Trocadero,  for  a  quarter  of  a  mile  is  supported  by  a  wall  of  beton 
about  40  feet  high.  The  outer  side  is  strengthened  by  pilasters  ;  the 
inner  side  consists  of  a  series  of  arches  at  right  angles  to  the  wall,  built 
one  upon  the  other  and  extending  into  the  embankment,  forming  a  bear- 
ing for  the  mass  of  earth,  and  diminishing  its  lateral  jjressure  against 
the  wall.     The  wall  and  arches  are  a  solid  mass  of  beton. 

The  breast-wall  of  the  cemetery  of  Passy,  50  feet  high,  is  being  built 
of  beton. 

The  steejile  of  the  Gothic  Church  of  Yesinet  is  constructed  of  beton, 
130  feet  high,  and  shows  no  sign  of  weakness. 

Moors,  Terraces,  Roofs. — If  the  area  does  not  exceed  13  or  16  feet  in 
width,  a  slab  of  beton  10  or  12  inches  thick  will  be  .strong  enough  to 
sustain  itself ;  if  the  area  be  greater,  double  T-joistsof  iron  should  cross 
the  space  for  ceilings,  floors,  etc.,  and  the  slabs  of  beton  may  be  made 
thicker  or  thinner,  depending  on  the  distance  of  the  joists  one  from 
another,  the  flanges  of  which  form  the  holding  of  the  slabs. 

Joists  being  thus  placed,  and  a  temporary  scafifolding  or  floor  of 
boards  erected  underneath,  the  beton  is  dumped  upon  it  and  j^acked  ; 
the  edges  hold  upon  the  flanges,  the  beton  hardens,  the  scaffolding  is 
removed,  and  the  ceiling  remains  firm.  If  the  upper  side  should  serve 
for  a  floor  also,  the  beton  should  be  laid  thicker,  and  carried  over  the 
joists  so  as  to  form  a  smooth  surface  above  them. 

Beton  may  be  successfully  used  for  fire-proof  roofing. 

Beton  for  this  work  should  be  five  parts  of  sand,  one  part  of  lime, 
and  one-fourth  part  of  cement. 

Magging,  Sidewalks. — Beton  being  impervious  to  water  and  without 
joints,  no  moisture  is  absorbed  beneath,  if  the  ground  is  properly 
drained ;  therefore,  no  heaving  or  disturbance  results  from  frost  in 
the  ground.  Flagging  and  floors  of  beton  for  courts,  stables,  cellars, 
coach-houses,  schools,  railway  stations,  warehouses,  etc.,  etc.,  are  much 
used. 

Beton  has  been  proposed  for  paving  streets,  and  a  few  experiments 
have  been  made  with  satisfactory  results  as  to  hardness  and  strength. 
The  first-cost  of  a  beton  pavement  would  be  greater  than  that  of  a 
macadamized  road  and  less  than  that  of  a  stone  pavement. 
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Foundations  for  Macliiaery. — Foundations  of  beton  for  macliinery 
are  cheaper  and  as  good  as  the  best  masonry  of  stone.  The  excavation 
for  the  foundation  being  made,  the  beton  is  dumped  in  and  packed, 
the  moukls  of  board  giving  the  desired  shape  to  the  foundation.  The 
spaces  for  foundation  bolts  are  made  by  packing  the  beton  round  4  or 
5-inch  wooden  cylinders,  which  are  subsequently  withdraAvn. 

For  engines,  a  cubic  yard  of  beton  corresponds  to  a  horse  power,  and 
a  30 -horse  jDower  engine  should  have  30  cubic  yards  of  foundation. 

Foundations  of  beton  for  water-wheels  and  turbines  may  be  seen  at 
St.  Maur  ;  for  steam-engines,  at  the  percussion-cap  factory  at  Paris,  the 
tobacco  factory  at  Ohateauroux,  the  glass  works  at  St.  Gobain,  etc. ,  etc. 
♦At  Oyssel,  a  steam-engine  of  400-horse  jjower,  which  works  admirably, 
rests  on  a  block  of  beton  7  yards  in  thickness  ;  and  at  the  Exposition 
of  1867  a  gi'eat  portion  of  the  machinery  was  placed  on  beton  founda- 
tions laid  in  winter,  and  worked  well. 

Composition  :  sand  five  parts,  lime  one  part,  cement  one-fourth  part. 

Severs,  Aqxednc/s,  Water-pipes. — The  use  of  beton  for  sewers  and 
water  conduits  of  all  kinds  is  one  of  its  most  successful  applications. 
A  sewer  thus  constructed  is  ifiaj^ervious  to  w'ater,  and  does  not  need  an 
interior  coating  of  cement.  These  sewers  require  no  repairs,  resist  per- 
fectly the  pressure  of  the  earth  around,  and  have  nothing  to  fear  from 
settling,  as  the  material  fills  the  trench  exactly. 

The  process  of  building  a  beton  sewer  is  very  simple.  A  trench  is 
cut  as  usual,  a  floor  of  beton  laid  on  the  bottom,  a  framework  of  timber 
and  boards  is  introduced,  as  for  masonry,  to  give  form  to  the  sides  and 
arch  ;  the  beton  is  dumped  and  j^acked  by  the  commonest  labor,  the 
woodwork  removed  within  a  few  hours,  and  the  sewer  is  finished  and 
ready  for  use. 

The  curved  surfaces  which  are  used  to  a  great  extent  in  eveiy  work 
connected  with  water,  are  very  expensive  when  built  of  cut  stone  or 
brick.  When  made  of  beton  they  are  shaped  with  simple  forms  of 
boards,  and  the  surfaces  smoothed  and  turned  by  the  workman  with  hia 
trowel,  when  the  material  has  been  packed.  All  angles,  joints,  inequali- 
ties of  surface,  etc. ,  which  present  obstacles  to  the  flow  of  water  are  thus 
entirely  aroided. 

Proposed   Subslilution. — The   sewers  of  Paris   in    1852    comprised   a 
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tot«,l  length  of  97  miles,  their  height  not  exceeding  six  feet.  In  1862 
the  sewers  had  attained  a  length  of  105  miles,  and  in  February,  1869, 
a  total  length  of  310  miles,  with  a  height  varying  from  six  to  nearly  ten 
feet,  and  a  width  of  from  five  to  thirteen  feet.  Including  the  projected 
ones,  the  total  length  will  eventually  be  360  miles.  Up  to  1869,  thirty 
miles  of  main  and  branch  sewei'S  had  been  made  of  beton-coignet  in 
Paris,  and  its  use  for  this  pui-pose  is  rapidly  increasing. 

The  regulations  for  sewers  requiring  walls  of  10  inches  of  stone 
masonry,  admit  walls  of  8  inches  of  beton  ;  their  construction  of  beton 
requires  less  time  ;  the  economy  in  masonry  is  reckoned  at  30  per  cent. , 
and  the  saving  on  the  whole  at  20  per  cent. 


Dimensions  and  Cost  of  the  Principal  Sewers  of  Beton  in  Paris. 


V 

Dimensions 

OF 

Sewer. 
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Main  Sewer  No.    8. 

9.186 

7.546 

6.045 

8.667 

10.63 

26.156 

5  92 

9. 

9.022 

6.562 

5.071 

8.503 

9.45 

22.075 

5  00 

10. 

7.874 

5.641 

3.959 

7.170 

7.87 

15.608 

3  53 

11. 

4.493 

2.296 

0.969 

4.044 

10.25 

9.257 

2  35 

12. 

7.054 

4.265 

2.894 

6.492 

7.87 

14.639 

3  31 

Branch  Sewer  No.  1. 

6.562 

3.281 

1.794 

5.574 

7.87 

12.465 

3  18 

"                    2. 

6.234 

2.524 

1.419 

5.301 

7.87 

11.948 

3  04 

3. 

5.577 

2.524 

1.292 

4.263 

7.87 

11.087 

2  84 

Water-pipes  of  beton  are  made  at  half  the  expense  of  iron,  and  they 
cost  little  for  repairs.  The  whole  of  the  underground  drainage  of  40 
acres,  roofed  by  the  Palace  of  the  Exposition,  was  through  beton  i)ipes 
of  12  to  16  inches  tube,  discharging  into  a  main  sewer  of  beton,  5  feet 
high  by  2  feet  wide,  which  emptied  itself  into  the  city  sewsrs.  The 
total  length  of  the  pipes  and  sewers  was  8,166  yards,  and  the  cubic  con- 
tents of  the  materials  used  in  them  amounted  to  264,825  cubic  feet. 
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For  the  sewers  of  Paris,  and  for  this  service,  the  following  propor- 
tions of  materials  were  used  : 

175  cubic  feet  of  sand  (corresponding  to  5  parts). 
35  cubic  feet  of  hydraulic  lime  (1  part). 

550  pounds  of  heavy  Paris  cement,  equivalent  to  Portland  cement  (i 
part). 

Ciiiteras,  Reservoirs,  Tanlcs,  Cesspools. — These,  when  built  of  masonry 
and  coated  with  cement,  are  impervious  to  water,  but  need  constant 
rejiairs  ;  of  beton,  they  are  equally  impervious,  require  no  coating  of 
cement,  cost  less,  and  are  more  secure.  The  centres  are  frequently 
struck  six  hours  after  the  completion  of  the  work. 

A  cistern  39  feet  in  depth,  5  feet  in  diameter,  with  sides  of  ten  inches 
in  thickness,  after  two  days  receives  water,  and  remains  sound  an  in- 
definite period. 

The  cesspools  of  beton  authorized  by  the  Prefect  of  the  Seine,  in 
1862,  are  without  cement,  hold  good  and  are  water-tight  ;  structures  of 
this  kind  are  adopted  for  the  Grand  Opera  House  now  building,  and  for 
the  great  railroad  stations,  etc.,  etc.;  cesspools  of  beton  are  built  from 
8  inches  to  12  inches  thick,  instead  of  20  inches  when  built  of  stone 
masonry. 

Gasometer  tanks  of  Ir.rge  dimensions,  130  feet  in  diameter,  49  feet  in 
depth,  are  built  of  beton-coignet,  at  Rueil  and  St.  Denis.  The  difficulties 
of  making  structures  of  this  size  in  masonry  water-tight  are  said  to  be 
much  less  in  beton. 

Composition  :  five  jjarts  of  sand,  one  of  lime,  and  one-half  part  of 
cement. 

Maeine  Steuctuees. 
Extract  from  Report  to  the  U.  S.  Commission,  by  L.  F.  Beckwith. 

"For  the  foundations  of  breakwaters  and  piers,  stones  of  irregular 
and  various  sizes  are  iised,  but  small  stones  ai'e  j^referred.  Being  cast 
into  the  sea  without  order,  and  left  to  find  their  position  as  they  sink, 
small  stones  pack  closer  and  form  beds  moi*e  solid  than  large  ones  ;  they 
are  also  less  liable  to  disturbance  than  large  stones  from  the  '  hydraulic 


109 

press  action  '  of  waves  arrested  in  theii*  liorizontal  movement  and  thrown 
downwards. 

"  Banks  or  ridges  with  more  or  less  sloping  sides  are  thus  raised  from 
the  bottom  of  the  sea,  nearly  to  the  surface  of  low  tide  ;  and  ujjon  these, 
walls  of  masonry  are  built  of  sufficient  height  and  thickness  to  resist 
the  force  of  the  sea. 

"  The  force  of  the  waves  against  a  vertical  wall,  as  measured  in  differ- 
ent localities,  shows  the  following  results,  in  weather  ranging  from 
ordinary  to  tempest :  At  Cette,  in  the  Mediterranean,  from  14.000  to 
24,000  iDounds  per  square  yard  ;  Bell  Rock,  Scotland,  as  high  as  30,675 
pounds  per  square  yard  ;  island  of  Skerryvore,  Scotland,  5,000  to  19,000, 
and  55,760  pounds  per  square  yard  ;  Cherbourg,  36,000  to  55,000  pounds 
per  square  yard. 

"  The  horizontal  movement  arrested  by  a  wall  in  deep  water  becomes 
vertical,  and  produces  a  descending  wave  of  gi-eat  force,  which  tends  to 
excavate  and  sweep  away  the  bank  and  undermine  the  wall. 

"The  banks  or  foundations  are,  therefore,  protected  by  covering  the 
slopes  with  large  blocks  of  stone,  of  sufficient  size  and  weight  to  resist 
displacement  by  the  descending  waves,  and  in  very  exposed  situations 
the  talus  of  blocks  thus  formed  is  raised  above  the  surface  to  afford 
protection  also  to  the  wall. 

"The  difficulties  and  expense  of  obtaining  blocks  of  stone  sufficient 
in  size  and  abundance  for  this  purpose  have  led  to  the  use  of  artificial 
blocks  of  concrete.  These  blocks  are  also  extensively  used  to  form  the 
interior  of  walls  and  piers,  the  facings  being  of  stone.  In  solidity  and 
strength  they  are  equal  to  the  purj^ose  ;  but  they  suffer  more  from  the 
action  of  sea-water  than  the  best  kinds  of  stone,  which  is  attributable  to 
the  ingredients  in  the  cementing  substance. 

"  Hydraulic  limes. — Hydraulic  limes  are  exceedingly  variable  in  thjeir 
elements,  but  may  be  divided  into  three  general  classes — silicious,  alu- 
minous, and  cements. 

"  Silicio'is  limes. — Limestone  composed  of  carbonate  of  lime,  inti- 
mately mixed  with  fine  silicious  sand,  after  burning,  leaves  70  to  80  per 
cent,  of  quicklime,  and  30  to  20  per  cent,  of  silicate  of  lime,  forming  an 
hydraulic  lime  usually  called  *  silicious, '  and  expressed  by  the  formula  : 

"Ca0.4-Si03.  3CaO. 


no 

Slaking  of  this  produces  hydrate  of  lime  and  hydrous-silicate  of  lime  ; 
formula  : 

"n.  CaO.  HO.-fSiO\  3CaO.  6HO. 

"Aluminous  limestone. — Limestone  containing  8  to  18  per  cent,  of 
clay,  the  principal  elements  of  which  are  hydrous-silicates  of  alumina, 
after  burning,  leaves  70  to  80  per  cent,  of  quicklime,  and  30  to  20  per 
cent,  of  mixed  silicates  and  alumina,  forming  an  hydraulic  lime  called 
'  aluminous,'  which,  after  slaking,  is  expressed  by  the  formula  ; 

"  n.  CaO.  H0+Si03.  3CaO.  6  H0+A1=  O3.  3CaO.  6HO. 

"  Cement. — Limestone  containing  from  18  to  36  per  cent,  of  clay, 
which  leaves,  after  burning,  quicklime,  silicate  of  lime,  alumina,  silicate 
of  alumina,  produces  'hydraulic  cement,'  which,  after  slaking,  contains 
hydrates  of  the  preceding  elements. 

"Hydraulic  limes  and  cements  usually  contain,  in  addition  to  the 
substances  above  enumerated,  small  quantities  of  oxides  of  iron,  silicates 
of  alumina  and  magnesia,  sulphate  of  lime,  etc. 

"Mortal;  i^roi^erly  made  of  either  of  these  limes  crystallizes  simulta- 
neously, and  sets  quickly  and  strongly,  though  the  presence  of  magnesia 
and  sul^jhate  of  lime  is  detrimental  to  good  setting,  as  these  bodies 
crystallize  slower.     Oxide  of  iron  does  not  impede  the  setting. 

"  Action  of  the  Sea. 

"The  action  of  sea-water  on  hydraulic  mortars  is  excessively  com- 
plicated. The  elements  of  lime,  as  above  shown,  are  variable,  and  the 
salts  of  magnesia,  carbonic  acid,  and  sulphuretted  hydrogen  in  sea-water 
are  variable,  and  differ  in  localities  but  little  removed  from  each  other. 

"  I  do  not  propose  to  follow  in  detail  the  results  of  the  observations 
and  experiments  which  have  been  made  of  various  sea-waters  on  differ- 
ent sorts  of  hydraulic  mortar. 

"  The  mortars  are  all  exposed  to  the  mechanical  action  of  the  sea, 
and  to  the  chemical  action  of  the  salts  and  gases  which  it  holds  in 
solution  ;  they  are  sharply  attacked,  and  the  effect  is  considerable 
before  the  hydrate  of  lime  on  the  outer  surface  is  converted  into 
carbonate  of  lime  by  the  absorption  of  carbonic  acid  from  the  water 
and  air.      The  crust   of  carbonate   of  lime    thus    formed  resists   the 
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chemical  action  of  the  sea,  and  the  protection  thus  given  to  the  in- 
terior is  increased,  in  some  cases,  by  the  growth  of  sea-shells  and  of 
marine  plants.  The  waste  is  thus  diminished,  but  it  is  never  ex- 
tinguished ;  the  destruction  goes  on,  and  the  best  hydraulic  mortars  are 
gradually  eaten  away. 

"  Blocks  of  concrete  contain  more  mortar  than  masonry  of  dressed 
stone  ;  they  are,  consequently,  more  exposed  to  waste  from  the  causes 
in  question,  and  are  sooner  destroyed. 

"  Many  remedies  have  been  proposed,  and  numerous  trials  of  them 
made,  but  hitherto  without  important  and  permanent  success.  The 
method  proposed  by  Mr.  Coignet  is  to  get  rid  of  the  hydraulic  limes 
and  their  perishable  ingredients  by  the  substitution  of  common  lime 
as  the  cementing  substance. 

"Experiments  of  Mk.  CoioyET. 

"Time  is  evidently  required  to  test  experiments  of  this  kind,  and 
those  of  Mr.  Coignet  are  too  recent  to  prove  conclusively  success  or 
failure.  His  method  of  experimenting  is  by  continually  diminishing 
the  quantity  of  hydraulic  lime  and  cement,  and  continually  increasing 
the  proportion  of  common  lime  in  the  composition  of  his  blocks.  The 
blocks  are  placed  in  exposed  positions,  in  different  localities,  to  the 
action  of  the  sea-water,  and  followed  by  periodical  examinations  and 
records  of  the  progressive  results  of  the  experiments. 

"His  first  experiments  were  begun,  by  order  of  the  Government,  in 
November  and  December,  1858,  and  January,  1859,  on  the  Socoa  break- 
water at  St.  Jean  de  Luz,  in  a  very  exposed  situation.  The  blocks  were 
of  several  kinds,  as  follows  : 

^^  First  series  of  Blocks. — Blocks  made  several  months  before  being 
placed  in  the  sea  : 

"1st.  Blocks  composed  of  seven  parts  of  sand  and  one  part  of  com- 
mon or  fat  lime. 

"  2d.  Blocks  composed  of  seven  parts  of  sand  and  one  part  of  lime, 
slightly  hydraulic. 

"3d.  Blocks  composed  of  seven  parts  of  sand  and  one  part  of  fat 
lime,  and  one-fourth  to  one -half  j)art  of  cement. 
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"4tli.  Blocks  composed  of  seven  parts  of  sand,  one  part  of  lime 
slightly  hydraulic,  and  one-fourth  to  one-half  part  of  cement, 

"  These  blocks  are  all  alike  in  good  condition  at  this  date  (1867),  and 
have  resisted  the  action  of  sea-water  with  satisfactory  results.  They  are 
comijact  and  hard,  and  the  only  eflfect  noticed  has  been  the  wearing  of 
the  edges  of  the  blocks  and  the  rounding  off  of  the  angles,  produced  by 
the  friction  of  pebbles  and  the  general  mechanical  action  of  the  sea.  No 
difference  has  yet  appeared  in  the  durability  of  blocks  made  of  common 
lime,  and  those  containing  hydraulic  cement. 

"  Second  series  of  Blocks. — This  series  is  composed  of  12  small  blocks 
made  on  land,  and  allowed  to  harden  for  eight  days  before  being  placed 
in  the  sea. 

"  Six  blocks  were  composed  as  follows  : 

"  1st.   Seven  parts  of  sand,  one  part  of  fat  lime. 

"  2d.  Seven  parts  of  sand,  one  jjart  of  fat  lime. 

"3d.  Seven  parts  of  sand,  one  part  of  artificial  hydraulic  lime,  made 
of  fat  lime  and  clay. 

*'  4th.  Seven  parts  of  sand,  one  part  of  lime,  slightly  hydraulic. 

"  5th.  Seven  parts  of  sand,  one  i)art  of  hydraulic  lime.  . 

"  Gth.  Seven  parts  of  sand,  one  part  of  very  hydraulic  and  silicious 
lime. 

*'  The  remaining  six  blocks  were  composed  as  follows  :  Each  of  seven 
parts  of  sand,  one  -paxt  of  the  same  varieties  of  lime  as  the  above 
blocks,  with  the  addition  to  each  of  one-fourth  to  one-half  part  of 
cement. 

"This  series  of  blocks  has  completely  resisted  until  now  (1867)  the 
action  of  the  sea,  and  shows  no  trace  of  decomposition.  The  blocks  of 
fat  lime  and  hydraulic  lime  are  in  equally  good  condition.  Some  blocks 
are  slightly  worn  by  the  mechanical  action  of  the  sea. 

"  Third  series  of  Blocks. — Large  blocks  made  on  land  at  the  same  time 
as  the  blocks  of  the  second  series,  and  allowed  to  dry  for  nine  months 
before  being  placed  in  the  sea. 
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"These  blocks  were  composed  in  a  similar  manner,  and  of  similar 
ingredients  to  those  of  the  second  series. 

"  Under  the  influence  of  this  long  exposui-e  to  the  air,  these  blocks  at 
the  end  of  nine  months  had  attained  great  hardness  and  solidity.  Their 
structure  was  compact,  and  chips  could  be  struck  off  with  a  hammer,  as 
if  the  blocks  had  been  made  of  stone.  Some  of  them  showed  small 
cracks  on  the  uj^per  surface,  owing,  it  is  supposed,  to  the  unequal 
quality  of  the  fat  lime  used  in  their  fabrication. 

"  When  exposed  to  the  sea  they  have  all  proved  good,  and  are  alike 
in  good  condition  at  this  date  (1867),  the  fat  and  hydraulic  limes  and 
cement  give  a  similar  result. 

'^Fourth  series  of  Blocks. — ^Blocks  made  in  place  at  low  tide,  and  im- 
mediately covered  by  the  rising  tide. 

"These  blocks,  seven  in  number,  were  composed  as  follows  : 

"Blocks  1,  2,  3,  of  seven  parts  of  sand,  one  part  of  a  very  hydraulic 
and  silicious  lime,  and  one-half  part  of  cement. 

"Block  4,  of  seven  parts  of  sand,  one  part  of  artificial  hydraulic  lime 
and  one-half  part  of  cement. 

"Block  5,  of  seven  parts  of  sand,  one  part  of  hydraulic  lime,  and  one- 
half  part  of  cement. 

' '  Blocks  6  and  7,  of  seven  jjarts  of  sand,  one  part  of  common  lime 
and  pozzuolana,  and  one-half  part  of  cement. 

' '  The  rocks  on  which  these  blocks  were  constructed  are  situated  at 
the  extremity  of  the  breakwater  ;  at  low  tide  they  are  uncovered  for  an 
hour  or  two,  and  at  high  tide  are  covered  with  Avater  several  metres  in 
depth. 

"The  moulds  were  made  of  thin  pine  boards  and  established  on  the 
rock  as  a  bottom.  Their  form  was  a  truncated  cone  of  four  feet 
diameter  of  base,  and  three  feet  in  height. 

"At  low  tide  the  moulds  were  filled  with  beton  and  carefully  packed. 
They  were  immediately  covered  with  the  rising  tide,  and  in  less  than  24 
hours  the  beton  was  sufiiciently  hard  and  firm  to  allow  the  moulds  to  be 
taken  apart  and  the  blocks  entirely  exposed  to  the  sea. 

' '  Examined  at  the  end  of  nine  months,  the  four  blocks  first  men- 
tioned were  in  perfect  condition  and  showed  no  sign  of  decomposition. 
They  were  very  hard  and  sonorous  when  struck  with  a  hammer.  The 
5th  block  was  at  fijst  partially  decomposed,  but  immediately  hardened. 
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The  Gtli  and  7tli  blocks  were  respectively  reduced  to  one-half  and  three- 
fourths  of  their  original  size  by  the  destructive  action  of  the  sea. 

"At  this  date  (1867),  the  four  first-mentioned  blocks  are  in  perfect 
condition,  having  completely  resisted  the  action  of  the  sea ;  the  fifth 
block  is  now  as  hard  and  solid  as  the  preceding  ones  and  shows  no  signs 
of  decay  ;  the  sixth  and  seventh  blocks  perished  in  two  and  a  half  years, 
which  is  atti'ibuted  to  the  presence  of  pozzuolana,  which  had  been  added 
to  quicken  the  taking  of  the  fat  lime  by  rendering  it  hydraulic. 

"Experiments  at  MARSEiLiiES  and  at  Cherbourg. 

"Another  series  of  experiments  was  commenced  at  Marseilles  at  a 
later  period.  A  large  number  of  blocks  of  beton-coignet,  made  with 
numerous  varieties  of  lime  and  cement,  were  exposed  to  the  sea  on  the 
outer  breakwater  of  the  Bassin  Napoleon.  When  last  examined  in 
November,  1867,  they  were  in  good  condition  and  had  not  suffered 
decay  ;  fat  and  hydraulic  limes  giving  equally  good  results. 

"  Lately  a  number  of  blocks  have  been  ordei'ed  by  the  navy  dejjart- 
ment  for  further  experiments  at  Cherbourg. 

"  Evidently  the  experiments  have  not  been  continued  long  enough 
to  test  fully  the  relative  resisting  qualities  against  the  chemical  action 
of  sea-water  of  blocks  cemented  with  common  fat  lime  and  blocks 
cemented  with  hydraulic  lime,  since  both  show,  thus  far,  equal  enduring 
qualities. 

"But  the  results,  on  the  whole,  are  interesting,  and  suggest  the 
following  conclusions  : 

"1.  Common  lime  can  be  substituted  for  hydraulic  lime  in  beton- 
coignet,  witli  an  equally  durable  result,  provided  the  blocks  are  allowed 
to  harden  for  a  few  days  on  land  previous  to  immersion. 

"2.  Blocks  of  beton-coignet  (sand  and  hydraulic  lime)  can  be  made  in 
direct  contact  with  the  sea,  jsrovided  they  be  protected  by  a  crib  during 
the  time  necessaiy  for  the  taking,  say  24  hours.  Blocks  thus  made  have 
proved  as  durable  as  those  made  on  shore  ;  while,  under  similar  circum- 
stances of  immediate  immersion  in  the  sea  and  24  hours'  protection  by  a 
crib,  blocks  of  ordinary  (Concrete  (sand,  hydraulic  lime,  and  stones),  made 
with  the  same  hydraulic  lime,  would  disappear  in  a  short  time. 
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"  3.  Blocks  of  beton-coignet  made  on  land  are  quite  ready  for  immersion 
after  drying  and  hardening  for  three  or  four  days  ;  while  blocks  of 
hydraulic  concrete  usually  require  from  three  to  six  months  for  drying 
and  hardening. 

"To  supply  the  daily  demand  for  these  blocks  of  concrete  in  the 
construction  of  a  breakwater,  large  yards  are  necessary,  which  are 
usually  at  a  distance  from  the  breakwater.  Tiiey  must  have  space  for 
1,000  to  2,000  blocks  in  various  stages  of  fabrication  and  drying  ;  they 
require,  also,  a  large  establishment  of  machinery  and  railways.  A  large 
capital  is  thus  invested  and  the  expense  is  heavy. 

"  In  making  beton-coignet,  less  machinery  and  plant,  less  ground  for 
drying,  less  preparation  in  advance,  are  required  ;  the  time  and  capital 
involved  are  less,  and  the  whole  cost  is  consequently  diminished. 

"Mr.  Coignet  now  proposes  the  construction  of  piers  and  break- 
waters in  the  following  manner  : 

"1.  Bldbks  of  beton  to  be  made  on  land,  in  length  equal  to  the 
breadth  of  the  pier  and  of  corresponding  size,  weighing,  say,  140  tons, 
to  be  lowered  into  the  sea,  and  placed  side  by  side,  across  the  line  of  the 
pier,  for  foundation. 

"2.  The  wall  to  be  constructed  likewise  of  betou,  in  jjlace,  forming, 
thus,  a  single  mass,  binding  the  blocks  below  by  the  weight  and  solidity 
of  the  wall. 

"For  this  he  would  use  from  five  to  seven  parts  of  sand,  one  of  lime, 
(fat  or  slightly  hydraulic),  and  one-fourth  to  one-half  part  of  cement. 

"  But  it  is  not  probable  that  the  Government  engineers  consider  the 
experience  already  gained  sufficient  to  warrant  them  in  recommending  so 
gi'eat  an  outlay  at  present  as  this  experiment  involves." 

CONCLTTSION. 

The  materials  of  beton-coignet  exist  in  all  countries  and  in  most 
localities,  seldom  requiring  long  and  expensive  transj)ortation . 

Sand  is  easily  excavated,  lime  is  a  simple  preparation,  and  both 
are  materials  of  low  cost ;  most  of  the  labor  in  making  is  performed 
by  machinery,  and  little  of  the  manual  labor  required  need  be  skilled 
labor. 

Sand,  lime,  water,  machinery,  motive  force,  few  tools,  and  common 
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labor  are  the  elements  of  structures  made  of  beton  ;  and  the  beton  itself 
is  well  adapted  to  numerous  daily  wants,  in  which  solidity,  durability, 
and  cheapness  are  preferable  to  beauty  of  materials,  the  evidence  of 
which  is  shown  in  the  ground  and  underground  structures  of  the  great 
Palace  of  the  Exhibition  of  1867,  and  in  its  increasing  application  to 
sewers,  tanks,  foundations,  floors,  walls.  &c.,  enumerated  in  the  pre- 
ceding pages.  , 

Cost. — The  cost  of  beton  varies  with  that  of  the  lime  and  cement 
employed.  In  Paris,  works  in  beton  cost,  including  fabrication  and 
construction,  from  85  to  S8  per  cubic  yard.  Moulded  blocks  of  beton, 
with  ornaments,  cost  from  .?8  to  .$11  per  cubic  yard.  Flagging,  2  inches 
thick,  costs  56  cents  per  square  yard  ;  5  inches  thick,  $1.60  per  square 
yard.  In  very  large  and  massive  beton  works,  such  as  foundations,  &c., 
the  total  cost,  in  Paris,  amounts  to  S3. 80  per  cubic  yard,  composed  of 
$2.25  for  cost  of  materials  and  cost  of  fabrication,  and  $1.55  for  trans- 
portation, excavation,  centering,  and  construction.  * 
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NITRO-GLYCERIN— ITS  5LOUFACTURE  AND  USE. 

A  paper  read  before  the  Society,  June  2,  1869,  by   Stephen  Chester, 
Civil  Engineer,  Member  of  the  Society. 

It  is  with  some  degree  of  diffidence  that  I  present  to  the  consider- 
ation of  this  Society  a  paper  upon  a  subject  which  has  been  already  so 
ably  treated  by  one  of  our  members.  It  is  with  the  desire,  however, 
to  call  attention  more  particularly  to  details  of  the  preparation  of  Nitro- 
glycerin, its  most  expedient  application  to  land  or  submarine  blasting, 
and  to  invite  a  consideration  of  the  means  that  may  be  successfully 
employed  to  render  the  use  of  this  valuable  agent  less  Obnoxious  to 
public  sentiment. 

As  a  preface  to  the  statements  to  which  your  attention  is  invited,  a 
few  quotations  from  the  able  paper  of  Mr.  North,  and  from  other  sources, 
may  be  permitted . 

First  known  as  a  medicine. — Nitro-glycerin  Avas  discovered  in  1846, 
by  Sobrero,  and  it  was  first  used  as  a  homoeopathic  medicine,  being 
supjiosed  to  be  a  powerful  remedy  against  nervous  headaches.  It  is 
true  that  a  minute  portion,  applied  even  to  the  finger  will,  usually  p7-o- 
duce  the  most  violent  and  disagreeable  headache;  and  if  there  be  truth 
in  the  adage,  ''Similia,  similibus  Qurantur"  shpuld  at  times  be  remedial, 
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Applied  to  blasting. — The  application  of  this  oil  to  blasting,  and  its 
first  practical  pi-oduction  in  large  quantities,  is  attributed  to  a  brother 
(now  deceased)  of  Alfred  Nobel,  though  the  latter  patented  its  appli- 
cation in  1863. 

As  its  name  indicates,  it  is  the  result  of  a  combination  of  glycerin 
with  nitric  acid;  large  quantities  of  sulphuric  acid  entering  into  its 
manufacture,  but  forming  no  part  of  the  product. 

Manufacture  of  described. — Its  manufacture  is  simple  and  rapid,  and 
attended  with  no  danger  whatever,  however  powerful  and  explosive  the 
ultimate  product  may  be. 

The  apparatus  used  and  the  process  employed  under  the  patent  of 
Stephen  Chester  and  Otto  Biirstinbinder  is  as  follows:  Any  number  of 
stone  jars,  each  of  about  four  gallons  capacity,  are  placed  in  a  trough  of 
ice-water,  in  which  is  also  placed  a  leaden  worm,  connected  on  one  end 
to  a  reservoir  of  compressed  carbonic  acid  gas,  and  on  the  other  to  a 
horizontal  tube,  having  projecting  tubes  closed  by  stop-cocks  opposite 
to  and  corresponding  with  each  stone  jar.  Within  each  jar,  and  con- 
nected to  its  corresponding  stop-cock,  is  suspended  a  peri^endicular 
glass  tube,  its  lower  end  closed,  and  having,  in  several  horizontal  planes, 
radial  tubular  arms  of  diverse  lengths,  the  ends  of  which  terminate  in 
fine  orifices,  the  axes  of  which  are  turned  in  one  direction,  tangential 
to  the  arcs  described  by  the  resiDective  arms,  from  the  perpendicular 
tube  as  a  centre. 

On  an  overhanging  shelf  are  conveniently  placed  tin  cans  with 
faucets,  corresponding  to  the  stone  jars,  to  hold  glycerin.  A  thermome- 
ter is  suspended  within  each  stone  jar. 

Supplementary  to  tliis  apparatus,  all  of  which  may  be  contained  in  a 
small  wagon,  should  be  several  wooden  tubs,  of  capacity  to  contain 
from  sixty  to  eighty  gallons,  and  a  liberal  supply  of  water. 

Formula  of  Composition. — The  operation  is  commenced  by  placing 
in  each  of  the  stone  jars  sulphuric  and  nitric  acid,  and  in  the  tin  cans, 
glycerin,  in  the  following  proportions  : 

Sulphuric  acid,  having  specific  gravity 1.84 — 6  pounds. 

Nitric  "         "  "  "       1.45-3 

Glycerin        "        "  "  "       1.23—1 
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The  stop-cocks  are  partly  opened,  and  the  cold  carbonic  acid  gas 
allowed  to  pass  through  the  glass  apparatus  as  soon  as  the  acids  are 
introduced. 

This  is,  first,  to  cool  more  rapidly  the  mixture,  which  immediately 
becomes  quite  warm;  and,  secondly,  in  order  that  a  mat  or  superstratum 
of  dry  carbonic  acid  gas  may  separate  the  surface  of  the  mixed  acid  from 
contact  with  the  moist  atmosphere. 

Carbonic  acid  gas  anhi/drous  and  refrigerative. — The  office  of  the 
sulphuric  acid  is,  doubtless,  that  of  dessication,  to  absorb  and  take  up 
the  water  produced  by  the  union  of  part  of  the  hydrogen  of  the  glycerin 
(C«  Hs  N'  O's)  with  part  of  the  oxygen  of  the  nitric  acid  (NO').  But  as 
sulphuric  acid  will  absorb  water  from  the  atmosphere  so  rapidly  as  to 
considerably  diminish  its  specific  gravity  in  a  few  hours,  it  is  highly 
important  that  the  "  sponge  "  should  not  be  prematurely  saturated. 

Previously  mixed  acids  give  poor  results. — And  here  it  may  be  said 
that  sulphuric  acid  that  has  been  exposed  to  the  air,  or  acids  mixed,  and 
thus  kept  in  carboys,  will  not  produce  favorable  x'esults. 

As  soon  as  the  respective  thermometers  indicate  that  the  mixture  has 
fallen  to  a  temperature  of  62^  Fahrenheit,  the  glycerin  may  be  allowed 
to  pour  in,  and  the  gas  stop-cocks  more  fully  opened. 

Glass  apparatus  causes  to  rotate  and  agitates  mixture. — From  the  de- 
scription of  the  glass  tubes  before  given,  it  will  be  apparent  that  a  rotary 
motion  will  be  given  to  the  mixture,  which,  together  with  the  violent 
ebullition  of  gas  bubbles,  insures  the  complete  distribution  of  the 
glycerin  throughout  the  mixture,  while  the  cooling  tendency  of  the 
compressed  and  cold  gas  counteracts  the  heat  produced  by  the  union  of 
the  glycerin  and  acids. 

Must  not  get  warm. — The  thermometers  must  be  observed,  however, 
and  if  the  temperature  should  at  any  time  exceed  68°,  the  flow  of 
glycerin  should  at  once  be  arrested,  until  the  temperature  of  the 
mixture  again  decreases. 

Practically,  with  a  good  flow  of  gas  I  have  allowed  the  entire  con- 
tents of  a  can  to  flow  uninterruptedly,  and  the  thermometer  meanwhile 
did  not  vary  two  degrees, 
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No  danger  if  it  burns. — Should  the  temperature  of  the  mixture  run 
above  70°,  the  glycerin  w  ill  commence  burning.  This  does  not  infer 
danger,  however,  as  the  mixture  is  yet  unexplosive,  and  even  the  burn- 
ing will  be  instantly  arrested  if  a  small  piece  of  ice  be  dropped  on  the 
burning  surface. 

As  soon  as  the  proper  quantity  of  glycerin  is  introduced  into  each 
jar,  its  entire  contents  are  plunged  into  one  of  the  wooden  tubs,  pre- 
viously nearly  filled  with  water,  and  agitated  with  a  stick. 

Precipitation  of  result.— In  a  few  moments  nitro-glycerin  will  pre- 
cipitate, and  tlie  acidulated  water  may  be  drawn  off  from  the  surface  of 
the  nitro-glycerin,  fresh  water  poured  on,  and  thus  the  contents  of  sev- 
eral jars  may  be  precipitated  in  each  tub. 

7s  now  for  first  time  explosive. — This  product  is  now  for  the  first  time 
explosive.  But  it  will  be  observed  that  now  the  operation  is  complete, 
and  the  article  is  ready  for  use. 

Should  not  be  placed  in  metal.  — It  is  7iot,  however,  ready  for  packing, 
nor  for  transportation.  As  for  that,  it  needs  that  every  particle  of  free 
acid  should  be  removed. 

This  is,  to  a  degree,  accomplished  by  repeated  washings  in  strong 
alkaline  and  pure  water.  Your  particular  attention  will  be  hereafter 
called  to  this  point.    ' 

Average  result. — With  proper  attention  to  the  above  directions,  and 
using  good  commercial  materials,  the  average  result  should  be  one  and 
a  half  pounds  of  nitro  glycerin  to  each  pound  of  glycerin  used. 

In  our  own  experience,  acids  of  good  quality,  previously  mixed  at 
the  manufactory  with  excellent  oil,  gave  an  average  of  less  than  one 
pound  of  nitro  glycerin  to  each  pound  of  glycerin  used. 

Experimental  trial. — The  following  is  the  result  of  a  carefully -tried 
experiment,  with  a  view  to  estimating  the  exact  value  of  certain  com- 
mercial materials  : 
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BeaumS.     Spec.  grav.      lbs.  oz. 

Sulphuric  acid 66° ... .  (1.82j 18  6  @  2f  cents SO.oO 

Aquafortis 45° (1.44) 9  1  @  15     "     1.36 

Glycerin 28^ (1.23) . . . .  3  0  @  34     "     1.02 

C.  A.  gas  about .05 


Total  cost 82.93 

Cost. — The  result  e.\ceeded  five  pounds.  Hence,  the  nitro-gljcerin 
cost  less  than  58-i'\r  cents  per  pound.  But  the  glycerin  used  cost  exorbi- 
tantly; equally  good  can  be  procured  for  20c.,  and  had  such  been  used 
the  net  cost  would  have  been  only  50-nr  cents  per  pound. 

Several  hundred  pounds  of  the  same  materials  have  been  used,  -with 
similar  average  results. 

Average  cost. — To  the  above  may  be  added,  to  cover  cost  of  labor, 
transportation  of  materials,  loss  by  breakage,  etc.,  etc.,  about  14  cents — 
making  the  actual  cost  of  nitroglycerin,  at  a  point  somewhat  remote 
from  any  depot  of  materials,  about  64  cents  per  jjound. 

Ccqiacity  of  apparatus. — The  jars  above  described  -will  conveniently 
hold  about  45  pounds  of  acids  and  5  pounds  of  glycerin  each,  giving 
an  average  result  of  TJ  pounds  of  nitro-glycerin. 

One  operator  can  make. — One  operator  can,  with  ease,  attend  to  ten 
jars  at  one  time;  and,  with  a  liberal  supply  of  carbonic  acid  gas  and 
cold  water,  can  refill  these  jars  three  or  four  times  during  the  day. 
With  a  very  inadequate  gas  generator  and  reservoir,  I  have  only  once 
had  these  vessels  refilled  three  times.  Hence,  one  man  can  readily  pro- 
duce 150,  and  may  produce  225  pounds  per  day.  The  mere  labor, 
however,  of  decanting  the  large  amount  of  acid  to  produce  the  larger 
amount  would  be  very  severe  for  a  single  man. 

Appearance. — When  first  precipitated,  the  product  appears  semi- 
opaque,  about  the  color  of  cream.  It  afterwards  becomes  more  trans- 
parent, and  has  a  slight  straw-color  tinge.     Its  specific  gravity  is  1.6. 

Peculiarities. — When  poured  into  water  it  does  not  sei^arate,  but 
large  globules  form  as  it  touches,  which  instantly  unite  as  they  come  in 
contact  with  each  other. 
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Produced  by  explosion. — I  am  unable  to  give  the  chemical  formula 
for  nitro-glyeerin,  but  according  to  the  London  Mechanics'  Magazine, 
September,  1865,  by  explosion  one  volume  of  nitro- glycerin  is  con- 
verted into 

Carbonic  acid   gas 429    volumes 

Steam 554 

Oxygen 39 

Nitrogen 236 

In  all 1,258  volumes  for  one  volume 

of  liquid  oil,  being  thus   theoretically  five  times  more   expansive  than 
gunpowder. 

Not  measure  of  effective  force. — But  this  must  not  be  assumed  as  a 
measure  of  the  effective  force  of  nitro-glycerin  as  compared  with  that  of 
gunpowder. 

Powder  deflagrates. — The  latter  does  not  properly  explode,  but  de- 
flagrates with  a  greater  or  less  rapidity,  dependent  upon  its  ingredients, 
dryness,  and  size  of  grain.  Hence  its  force  operates  accumulatively, 
and  considerable  time  is  required  to  develop  the  full  bulk  of  its  expan- 


Force  required  to  project  masses, — When  it  is  desired  to  set  in  motion 
a  mass,  as  for  instance  the  projection  of  a  ball  from  a  large  gun,  this 
force,  which  commences  with  a  slight  expansion  due  to  the  deflagration 
of  the  surface  of  a  few  grains,  and  rapidly  accumulates,  as  the  ball — its 
inertia  being  overcome — moves  forward  with  increasing  rapidity,  is 
admirably  adapted  to  the  exigencies  of  the  case. 

Force  required  to  disrupt. — But  when  complete  disruption  of  all  the 
surrounding  parts  is  desii-ed,  it  must  be  at  once  evident  that  it  is  a  great 
defect  that  poAvder  is  not  more  rapid  in  its  action. 

In  many  instances,  the  rock  beginning  to  move,  permits  much  of  the 
gas  to  escape,  without  producing  the  full  effect  due  to  the  expansion 
produced.  Secondly,  it  is  a  well  known  fact,  that  where  large  quantities 
of  powder  are  fired,  combustion  is  seldom  entire,  much  of  the  powder 
being  thrown  out  unburned. 
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Nitro- Glycerin  percussive. — The  combustion  or  explosion  ot  nitro- 
glycerin is  supposed  to  be  instant.  Practically  it  is  so,  and  the  eflfective- 
ness  of  its  disrupting  force  is  in  great  measure  due  to  the  fact  that  its 
maximum  of  expansion  instantly  acts  upon  the  confining  walls  with 
percussive  force. 

Illustration  of  Percussiveness. — In  one  instance  where  a  five-pound 
charge  was  placed  somewhat  indiscreetly,  in  a  rock  cut  on  the  Boston, 
Hartford  and  Erie  Railroad,  the  rock  thrown  off  was  entirely  shattered; 
but  in  the  immediate  locality  where  the  charge  bad  been,  several  bushels 
of  impalpable  white  powder  were  found;  evidently  the  rock,  crushed 
and  calcined  by  this  tremendous  force. 

Breaking  effect  under  water. — Five  pounds  placed  in  a  stone  jar,  and 
suspended  against  the  iron  side  of  the  steamer  Scotland,  sunken  oif 
Sandy  Hook,  cut,  as  with  a  knife,  a  fissure  ten  or  twelve  feet  in  length. 

It  is  believed  that  an  eqiiivalent  amount  of  powder,  similarly  placed, 
would  have  rocked  or  swayed  the  whole  side,  but  would  not  have  cut  it; 
first,  because  its  action  would  not  have  been  percussive ;  and  next, 
because  its  initial,  or  rather  resultant  force  would  have  been  spread 
over  a  larger  area  than  would  that  of  the  equivalent  of  nitro-glycerin, 
the  less  bulky  material. 

Percussiveness  not  always  desirable. — But  it  is  highly  probable  that 
the  "percussiveness"  of  nitro-glycerin— if  that  term  may  be  allowed — 
is,  to  some  degree,  a  disadvantage,  when  not  used  with  discretion,  as  it 
is  obvious  that  in  many  instances  a  degree  of  elasticity  is  desirable  to 
produce  the  best  effects,  and  to  move  the  largest  amount  of  rock. 

Column  of  atmospheric  point  of  reaction. — Again,  as  a  sequence  of 
the  instant  combustion  of  nitro-glycerin,  its  expansion  reacts  from  a 
fixed  resistance  other  than  what  is  met  by  the  more  slowly-consuming 
gunpowder. 

The  atmosphere,  moving  at  a  velocity  of  one  hundred  miles  per  hour, 
overthrows  houses  and  trees,  and  bears  off  heavy  masses.  With  a  ve- 
locity of  one  thousand  miles  per  hour,  nothing  could  resist  its  force. 

If  it  could  be  conceived  that  an  iron  ball  should  be  projected  through 
space  with  the  velocity  of  hundreds  of  miles  per  second,  and  should, 
with  that  velocity,  strike  against  a  wall   of  air  of  the  usual  density, 
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would  it  not  as  surely  be  dashed  to  atoms  as  would  a  ball  of  glass  upon  a 
wall  of  adamant  ? 

Atmosphere  resists  instant  movement. — It  is  obvious  that  io  sudden 
movement  the  air  opposes  as  fixed  a  resistance  as  inelastic  water,  only 
in  less  degree,  as  its  particles  move  more  freely  among  each  other,  and 
a  corresponding  degree   of  velocity   is   required  to  develop  that  resist- 


Wliatis  line  of  least  resistance?— ^TLence,  to  the  expansion  of  nitro- 
glycerin, the  line  of  the  least  resistance  is  not  that  apparent,  but  one  modi- 
fied by  the  pressure  of  the  superincumbent  column  of  air,  which  is 
only  less  than  a  fixed  resistance,  as  the  expansion  of  nitro-glycerin  is 
less  than  instant. 

A  charge  exploded  upon  the  face  of  a  rock,  in  the  open  air,  will 
shatter  the  rock  beneath  it. 

Illustrations.— K  few  years  since,  a  small  quantity  exploded  upon  the 
pavement  in  Greenwich  street,  New  York.  It  will  probably  be  recol- 
lected that  the  pavement  was  torn  in  pieces,  and  quite  a  pit  excavated 
beneath. 

If  a  charge  be  placed  in  the  bottom  of  a  twelve  or  fourteen  feet  hole, 
and  this  be  covered  with  sand  to  within  three  or  four  feet  of  the  top, 
and  then  another  charge  be  placed  above  the  sand,  and  no  covering 
above  it,  the  explosion  of  the  upper  charge  will  cause  the  lower  one  also 
to  explode — both  with  eifeet. 

How  Nitro-Gli/cer  171  breaks  rock. — It  is  universally  known  that  while 
in  powder-blasts  the  break  usually  occurs  near  the  centre  of  gravity 
of  the  charge,  in  nitro-glycerin  explosions  the  break  is  at  or  below  the 
bottom  of  the  hole,  extending  outward  and  downward. 

Other  corroboratory  instances  can  be  quoted,  but  the  fact  is  too  ob- 
vious to  require  them. 

Nitro- Glycerin  not  easily  caused  to  explode. — Nitro-glycerin,  when  newly 
made,  or  free  from  other  elements,  is  not  easily  caused  to  explode. 

Heat  will  not  explode  it,  unless  the  nitro-glycerin  reaches  a  tempera- 
ture of  360°.  A  small  mass  of  iron,  at  white  heat,  and  dropped  into 
nitro-glycerin,  would  not  bo  liable  to  cause  explosion,  since,  the  specific 
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heat  of  the  article  being  great,  the  heat  from  the  piece  of  iron  would 
be  rapidly  disseminated,  and  no  portion  of  the  oil  reach  360^  before 
the  iron  had  lost  its  heat. 

Sparks  of  fire  or  scintillations  from  hammered  iron,  are  instantly- 
extinguished. 

A  very  heavy  blow  from  a  hammer  upon  oil  placed  upon  an  anvil  is 
required  to  make  it  detonate  ;  and  then,  as  with  gun-cotton,  only  that 
explodes  whicfli  is  actually  crushed  between  the  imjiinging  points  of 
iron,  the  rest  being  driven  away. 

It  is  not  probable  that  any  amount  of  concussion,  short  of  that  pro- 
duced by  contiguous  explosion,  when  developed  heat  probably  assists, 
will  cause  it  t©  explode. 

Ulustrntions  in  use  of  new  oil.  —  On  the  B.  H.  and  E.  R.  R. ,  a  charge 
was  placed  in  a  hole  ;  a  small  wad  above  it.  on  which  was  placed  a 
pound  or  two  of  powder,  to  which  fire  was  communicated  by  a  common 
fuse. 

The  hole  was  carelessly  filled  with  loose  earth  or  sand. 

The  explosion  of  the  powder  blew  out  the  dirt,  but  did  not  cause 
the  oil  to  exjjlode.  Shortly  after,  the  oil  commenced  burning,  and 
seemed  to  be  entirely  consumed,  no  subsequent  explosion  taking 
place. 

In  another  instance,  similar  to  the  above,  the  oil  did  finally  explode; 
but  it  is  ijrobable  that  it  became  heated  to  above  360°. 

What  is  required  to  cause  it  lo  explode. — In  practice,  the  confined 
explosion  of  ten  grains  of  fulminate  of  mercury,  or  of  its  equivalent  of 
gunpowder,  is  required  to  explode  it  with  certainty.  Properly  confined, 
so  as  to  cause  the  flash  to  penetrate  the  body  of  the  oil,  this  charge  will 
rarely,  if  ever,  fail  to  jjroduce  the  called -for  effect. 

Means  used  to  fire  blasts. — The  means  of  firing  blasts  may  properly  be 
considered  in  connection  with  this  subject. 

Common  fuse  cartridge. — In  ordinary  railroad  or  land  blasting,  con- 
tractors or  laborers  are  not  easily  persuaded  to  abandon  the  ordinary 
ftise,  for  electricity,  with  its  accompanying  inconveniences  of  ajiplica- 
tion.  A  small  cylinder  of  paper,  containing,  perhaps,  a  half  ounce  of 
powder,  securely  tied  around  the  lower  end  of  the  fuse,  and  also  closed 
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at  the  lower  end,  tlie  whole,  when  prepared,  being  dipped  in  melted 
paraffine,  makes  a  cartridge  which  rarely,  if  ever,  fails  under  any  cir- 
cumstances, and  can  always  be  readily  constructed. 

Electricity  must  sometimes  be  used. — But  there  are  circumstances  under 
which  the  aid  of  electricity  is  indispensable. 

First.  When  a  simultaneous  line  of  blasts  may  be  required;  and 
next,  in  all  submarine  opei'ations. 

Tliree  kinds  of  electricity. — There  are  three  distinct  methods  of  ap- 
plying electricity,  or  it  may  be  conventionally  said  that  three  kinds  of 
electricity  are  used,  involving  three  kinds  of  apparatus  for  its  produc- 
tion, and  corresponding  means   of  api^lication. 

Kinds  of  electricity. — These  may  be  classified  as  follows :  Static 
electricity,  or  that  produced  by  frictional  machines  and  analogous  to 
atmosi^heric  electricity.  Second,  Magneto-electricity.  And  third,  Gal- 
vanic electricity. 

Static  most  popular. — The  first  seems  at  present  to  be  the  most  popu- 
lar, on  account  of  the  apparent  simplicity  and  ease  of  application. 

Static  apparatus. — The  apparatus  used  for  the  production  of  the 
spark  is  in  principle  an  electrophorus,  with  a  condenser  to  collect  and 
discharge  at  once  a  series  of  accumulated  sjjarks. 

Where  and  hy  xcliom  made. — They  are  manufactured  by  Smith,  in 
Boston,  and  by  the  Messrs.  Chester,  of  New  York.  The  machine  pro- 
duced by  the  latter  gentlemen  is  externally  a  cylinder  of  ebonite,  about 
9  inches  long  and  4^  in  diameter.  On  one  of  its  closed  ends  a  small 
crank  and  trigger,  and  on  the  other  the  two  binding  screws  to  which  to 
connect  the  wires.  Its  capacity  is  to  throw  a  large  spark  of  one  and 
one-half  inches  in  length,  and  would  doubtless  fire  sixty  or  seventy 
cartridges  simultaneously. 

Fulminate  fuses. — But  this  spark  will  not  fire  powder,  but  will  fire 
a  mixture  of  oxygen  and  hydrogen  gas,  or  certain  sensitive  fulminates. 
The  caps  or  cartridges  prepared  for  this  kind  of  electricity  contain- 
first,  a  minute  quantity  of  very  sensitive  fulminate  as  "priming,"  and 
a  larger  quantity  (for  N.  G.  at  least  10  grs.)  of  less  sensitive  fulminate  as 
load,  or  exploder. 
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.The  recipes  for  their  preparation  are  inniimerable,  and  need  not  be 
entered  into  here. 

Fulminate  fuses  made  5i/.— The  preparation  of  them,  however,  has 
become  an  extensive  business,  and  I  know  of  three  firms  that  manu- 
facture them  extensively— viz.,  Mr.  Mobray,  and  Mr.  Smith,  of  Boston, 
and  Mr.  Bishop,  of  New  York.  I  need  hardly  say  that  they  have  been 
extensively  manufactui'ed  and  used  on  the  continent  and  in  England, 
and  are  not  the  result  of  Yankee  invention. 

Description  of  fulminate  fuse. — In  this  country  the  sensitive  ful- 
minate is  rubbed  upon  the  flat  opposing  faces  of  two  discs  of  lead, 
to  the  other  sides  of  which  are  attached  the  terminal  wires  which 
first  pass  through  a  small  cylindrical  block  of  wood.  The  exploding 
charge  is  usually  contained  in  a  copper  cap,  into  which  the  wooden 
block  is  inserted. 

Objections  to  use  of  fuhtii nates.— Thongh.  so  very  popular,  it  may 
very  properly  be  suggested  that  many  grave  objections  j) resent  them- 
selves to  our  consideration  against  the  use  of  this  form  of  electricity, 
and  that  engineers  ought  to  discourage  it.' 

First.  On  the  ground  of  expediency.  Of  course,  it  is  obvious  that 
this  machine  can  only  be  applied  to  the  explosion  of  cartridges  carefully 
prepared  in  a  laboratory,  and  if  a  contractor,  by  chance,  gets  out  of 
cartridges  in  an  out-of-the-way  place,  there  is  no  makeshift  or  expedient 
to  which  he  may  temporarily  resort. 

Secondly.  It  is  not  practically  reliable.  The  "tension"  of  static 
electricity  is  so  great,  while  the  "  volume  "  is  so  small,  that  it  is  very 
difficult  to  confine  it  to  ordinary  conductors. 

Static  electricitt/  not  easily  insulated. — Hence  the  complete  insulation 
of  these  conductors  is  difficult  to  obtain,  esijecially  in  the  hurry  and 
reckless  haste  that  naturally  grows  up  on  all  j)ublic  works.  Even  if 
the  insulation  of  the  wires  be  of  the  best;  if  at  any  point  between  the 
batting  and  the  cartridge  the  wires  are  contiguous,  or  touch  any  damp 
surface,  the  tendency  of  the  spark  is  to  pierce  the  insulation  and  travel 
over  the  damp  surface. 

Of  course,  these  difficulties  are  very  much  increased  in  submarine 
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blasting.     But  the  third,  and  most  important  objection  to  the  use  of  the 
fulminate  cartridges  arises  from  the  danger  arising  from  their  use. 

Sensitiveness  of  fulminate  cartridges. — On  a  cold,  dry  day,  I  have 
exploded  them  by  touching  the  end  of  one  wire,  the  other  end  lying  on 
the  ground. 

Danger  of  fulminate  cartridges. — But  even  if  less  sensitive  than  that, 
it  must  be  remembered  that  the  "  torpedo  "  must,  in  submarine  blasting, 
be  previously  pi'epared,  and  must  contain  this  cartridge.  The  diver 
who  places  the  torpedo  is  swayed  about  by  the  tide,  and  it  is  subject 
to  violent  conciissions,  which,  though  inadequate  to  cause  the  nitro- 
glycerin itself  to  explode,  yet  may  well  cause  the  fulminate  to  do  so; 
but,  lastly,  in  jjaying  out  the  wires,  there  is  a  great  tendency  to  cause 
the  surfaces  of  the  two  leads  to  rub  together;  which  friction,  if  it  does 
not  cause  a  premature  explosion,  at  least  rubs  the  fulminate  from  part 
of  the  surface,  bringing  the  leads  into  metallic  contact,  and  thus 
causing  a  failure. 

Examples  of  danger  from  fulminates. — Mr.  Mob  ray  narrowly  escaped 
losing  his  life,  in  attempting  to  draw  one  of  these  cartridges  from  a 
loaded  hole.  • 

Last  winter,  a  frightful  accident  occurred  near  Sandy  Hock,  result- 
ing, without  doubt,  from  the  use  of  these  cartridges. 

Precautions  to  be  taken. — But  if  used  at  all,  let  them  only  be  used  on 
land,  where  the  cartridge  may  be  lowered  into  the  hole;  after  the  latter 
is  loaded,  never  let  it  be  j^laced  in  the  cartridge  of  nitro-glycerin  before 
placing  it  in  the  hole;  and  if  it  fails  to  explode,  never  withdraw  it,  but, 
cutting  the  wires  above,  attach  them  to  another  cartridge,  leaving  the 
first  where  it  is. 

Cost  of  fulminat",  cartridges. — The  best  I  have  used  are  those  made  by 
Smith,  of  Boston,  and  cost,  I  believe,  ten  cents  each. 

Magneto-electricity. — -The  magneto  machine  is  of  a  more  expensive 
character.  The  electricity  is  produced  by  rapidly  revolving  an  armature 
of  soft  iron,  covered  with  a  helix  of  fine  insulated  wire,  between  the 
poles  of  a  number  of  permanent  magnets.  As  this  revolving  armature 
changes  polarity  with  each  revolution,  a  charge  of  inductive  electricity 
flashes  through  the  wire  forming  the  helix. 


129 

'^Tension  "  of  current  less  than  Static. — The  character  of  this  electric- 
ity is  a  modification  between  static  and  galvanic.  Its  "tension," 
infinitely  greater  than  that  of  the  galvanic  cui-rent,  is,  nevertheless,  very 
much  less  than  that  of  static  electricity.  Hence,  it  does  not  jump,  but 
will  follow  a  relatively  poor  conductor. 

Beardsley's  cartridge. — Mr.  Beardsley  has  taken  advantage  of  this  in 
the  production  of  a  vei*y  ingenioiis  and  excellent  cartridge.  The  ter- 
minal wires  (No.  16  copper)  pass  through  a  cylindrical  block  of  wood 
about  three-quarters  of  an  inch  long,  and  one-quarter  iuch  diameter 
The  terminals  are  less  than  one-eighth  inch  distant,  and,  with  a  triangu- 
lar file,  a  small  Y-shaped  gi'oove  is  cut  through  the  wood  and  the  ends  of 
the  wires.  A  strong  lead  jiencil  mark  is  made  to  connect  the  wires. 
This  is  sufficient  to  make  continuity  of  current;  but  the  conductor  being 
bad  it  becomes  so  heated  during  the  passage  of  the  current  as  to  ignite 
gunpowder,  and  even  burn  the  wood. 

A  mere  wrapper  of  paper,  enveloping  the  cylinder  of  wood  and  pro- 
jecting beyond,  when  filled  with  powder,  and  its  end  being  closed,  and 
the  whole  rendered  impervious  to  water,  completes  the  cartridge. 

Results  good,  but  machine  expensive. — With  this  machine,  insulation  is 
much  more  easily  attained,  and  the  element  of  danger  is  avoided . 

It  is,  however,  expensive,  cumbersome,  and  easily  gets  out  of  order. 

Galvanic  electricity  and  its  production  are  too  well  understood  to  re- 
quire any  explanation. 

Of  course,  explosion  depends  upon  the  heating  of  the  fine  platina 
wire  connecting  the  two  terminals. 

Galvanic  cartridges. — So  little  "tension"  has  the  current  required 
to  perform  this  oflice,  that  bare  wires  may  be  used  even  in  sub- 
marine blasting.  It  is  always  expedient,  however,  to  use  well 
insulated  wires.  This  is  the  oldest  of  all  plans  for  using  elec- 
tricity in  blasting,  seems  the  most  reliable,  and  the  safest  under 
all   circumstances. 

Cost  of  cartridges.— ^So  improvements  have  been,  nor  can  be  made 
in  its  application,  except  in  the  compactness  and  durability  of  the 
batting  used,  and  in  the  convenient  form  and  cheapness  of  the 
cartridges ;    and    I  have    again    to    mention    the  Messrs   Chester  as 


130 

having  produced  a  very  compact  batting  of  great  endurance,  that 
can  be  carried  from  place  to  place  for  weeks  without  recliarging, 
and  in  making  cartridges  which  can  be  procured  for  about  10 
cents  each.  This  batting  may  be  charged  and  remain  thus  inactive 
for  six  months,  and  then  be  brought  into  action  as  active  as  when 
first  charged. 

Application  of  JV.  G.  to  hlnsting. — I  appproach  the  question  of  the 
most  expedient  aijplication  of  nitroglycerin,  and  the  economy  of  its 
use  with  that  of  gunpowder,  with  much  hesitation,  since  the  testimony 
of  the  various  contractors  and  experts  whom  I  have  consulted  is  so 
diverse,  and  so  conflicting,  that  I  am  compelled  to  depend  upon  my  own 
observations,  which  have  been  limited. 

So  far  as  I  have  any  experience,  however,  I  have,  for  my  own 
guidance  at  least,  concluded  that  the  following  general  rules  should  be 
observed  : 

First.  That  to  produce  the  best  effects,  though  nitro-glycerin 
should  be  allowed  a  certain  chamber  in  which  to  first  expand,  to 
give  some  degree  of  elasticity,  so  as  to  modify  its  percussive  force,  yet 
the  limit  of  its  expansion  should  be  absolutely  confined. 

It  is  certain  that  the  gas  forms  quickly,  and  readily  percolates 
through  sand.  It  is  obvious  that  it  must  do  so,  from  the  fact,  heretofore 
quoted,  that  a  charge  near  the  top  of  a  hole  filled  with  sand  instantly 
explodes  a  charge  at  the  bttom.  The  intensely  hot  gas  percolates 
through  the  sand. 

Seam  blasts. — Again,  nitro-glycerin  has  been  tried  in  seam  blasts,  but 
the  results  were  very  unsatisfactory,  not  seeming  to  nearly  equal  powder. 
It  is  probable  that  in  the  larger  fissure  of  a  seam  blast  filled  with  sand 
a  large  quantity  of  the  gas  escai^es. 

Mixture  of  nitro-glycerin  and  powder. — In  Europe,  charges  of  powder 
moistened  with  nitro-glycerin  are  used  in  seam  blasts,  it  is  said,  with 
excellent  efiect.  I  have  not  yet  had  the  oi^portunity  of  verifying  this  by 
actual  experiment. 

Must  he  confined. — An  air-tight  tamping  is  desirable;  or  a  block  of 
wood,  nearly  filling  the  'hole,  may,  with  advantage,  be  placed  on  the 
top  of  the  oil. 
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Should  he  used  in  cartridges. — Secondly,  it  is  not  practically  safe  to 
pour  the  oil  into  a  hole,  as  it  is  so  seldom  that  holes  of  any  depth  are, 
for  tlieir  whole  depth,  water-tight. 

Bangei-  from  holes  leaking. — Besides  the  danger  of  losing  part  of  the 
charge,  the  escape  of  any  oil  that  may  trickle  through  an  aperture  to 
some  distant  basin,  is  a  source  of  future  danger.  At  least  one  serious 
accident  has  occurred  from  this  cause. 

Cartridges  employed.  —  Cartridges  of  tin,  rubber  bags,  paper  cylinders 
soaked  in  paraffine,  and  animals'  entrails,  have  been  successfully  em- 
ployed. 

To  be  distributed. — Third.  I  am  of  the  opinion  that  the  charge  may 
frequently  be  distributed  to  great  advantage,  and  except  for  the  purpose 
of  securing  more  tamping,  and  consequent  confinement,  it  is  not 
desirable  that  the  charge  should  be  in  one  mass  at  the  bottom  of 
the  hole,  but  better  in  several  cartridges,  at  various  points  of  the 
hole. 

Cost  of  nitro-glycerin  and  powder. — Nitro-glycerin  costs  contractors 
through  the  country  an  average  of  $1.60  per  pound.  Five  pounds  of 
powder  cost  about  80  cents. 

Apparent  economy  of  use. — Hence,  if  one  pound  of  nitro-glycerin 
represents  the  effective  force  of  but  five  pounds  of  i^owder,  and 
the  labor  of  using  either  be  the  same,  it  is  obvious  that  jDowder  is 
much  more  economical  than  nitro-glycerin.  In  fact,  many  who  have 
used  both  declare  in  favor  of  powder.  "With  due  deference  to  their 
much  larger  experience,  I  cannot  but  believe  that  their  judgment  has 
been  based  upon  an  indiscreet,  not  to  say  irrational,  use  of  the  oil. 
It  is,  of  course,  almost  impossible  to  establish,  except  by  long  and 
judicious  experience,  the  exact  relative  effectiveness  of  the  two,  but  it 
does  not  seem  too  much  to  announce  that  one  pound  of  oil,  properly 
used,  may  represent  seven  pounds  of  powder.  But  allowing  that  one 
pound  of  oil  represents  but  five  pounds  of  powder — 

Real  economy  in  rising  N.  G. — 1st.  The  labor  in  i^reparing  for  one 
volume  of  oil  certainly  need  not  be  one-third  as  great  as  in  preparing 
for  the  equivalent  of  powder. 
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2(1.  It  is  conceded  that  it  shatters  and  breaks  up  rock,  when 
powder  overthrows  large  masses,  which  require  subsequent  additioual 
labor  and  blasting  to  reduce  to  transjjortable  dimensions. 

3d.  It  breaks  at  or  below  the  bottom  of  the  hole,  shattering  down- 
ward or  outward.  The  natural  deductions  need  hardly  be  followed  to 
their  logical  conclusions. 

Why  N.  G.  has7iot  been  universalb/  adopted. — But  nitro-glycerin  cer- 
tainly has  not  hitherto  been  generally  adopted  for  blasting  purposes  in 
the  United  States.  The  principal  obstacles  opposing  its  more  general 
use  have,  doubtless,  been  the  following,  to  which  I  particularly  invite 
your  attention: 

Difficulty  of  obtaining  it. — First.  The  cost,  and  the  extreme  diffi- 
culty of  obtaining  the  article  in  quantities  sufficient  for  experimental 
purjDoses. 

Danger  of  storing. — Second.  Being  generally  necessary  to  purchase 
it  in  large  bulk,  it  is  required  to  store  it  in  the  vicinity  of  the  locality 
where  used—  when  it  either  deteriorates,  or  becomes  excessively  danger- 
ous to  handle. 

Popidar  prejudices'. — Third.  Public  sentiment  almost  forbids  its 
transportation  by  any  ordinary  route  of  travel,  and  its  storage  near 
human  habitations  or  routes  of  possible  travel.  Popularly,  it  is  re- 
garded as  a  material  excessively  sensitive — liable  to  explode  with  the 
slightest  shock,  or  even  to  explode  spontaneously,  or  from  mere  change 
of  temperature. 

Has  been  misused. — Fourth.  It  has  been  recklessly  condemned  by 
ignorant  contractors  after  a  very  limited  use  of  the  oil,  in  a  very 
irrational  manner. 

To  these  objections  I  would  respectfully  suggest  that  a  careful  con- 
sideration of  the  care,  cost,  and  safety  of  its  production,  as  before  de- 
scribed, may  naturally  lead  to  the  conclusion  that  most  of  these  obstacles 
may  be  relieved. 

Can  be  produced  cheaply.— 'lo  the  first  and  second  objections,  it  may 
be  stated  that,  when  more  generally  adopted,  it  can  be  produced  at  a 
cost  not  to  exceed  the  cost  of  the  nominal  equivalent  of  gunpowder, 
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and  the  outlay  required  to  prepare  for  its  manufacture  would  be  very 
inconsiderable  when  any  amount  may  be  required. 

New  oil  much  better  than  old. — I  have  made  the  statement  that  nitro- 
glycerin, when  long  stored,  deteriorates.  My  authority  for  this  state- 
ment is  in  the  fact,  that  many  pounds  of  oil,  recently  produced  by  the 
process  described,  and  many  pounds  of  oil  obtained  elsewhere,  and 
long  stored,  have  been  used,  under  precisely  similar  circumstances,  on 
the  Boston,  Hartford  and  Erie  Railroad,  and  in  every  case  the  effect 
produced  by  the  first-mentioned  oil  has  been  astonishingly  greater  than 
that  produced  by  the  latter. 

The  inference  is  unavoidable:  either  nitro-glycerin  deteriorates 
greatly  when  long  stored  in  metal  vessels,  or  the  blasting  oil  sold  by 
a  well-known  company  is  not  the  nitro-glycerin  produced  by  the  pro- 
cess described,  and  does  not  possess  its  qualities. 

Prejudices  not  unfounded. — The  unfortunate  popular  j^rejudices  re- 
garding this  materia]  are  not  unfounded.  Notwithstanding  its  limited 
use  in  this  country,  already  many  terrible  accidents  have  attested  to  its 
fearful  power.  While  these  may  in  part  be  attributed  to  gi-oss  reck- 
lessness in  its  treatment,  they  still  seem  to  indicate  that  the  material 
possesses  a  degree  of  sensitiveness  not  consistent  with  the  statements 
hereinbefore  made. 

I  believe  I  am  right,  however,  in  stating  that  every  accident  that, 
has  yet  occurred,  has  been  with  oil  that  had  been  long  packed  in  tin. 
vessels. 

Why  old  oil  is  dangerous.  —  Chemical  experts  have  conceded  that 
nitro-glycerin  can,  and  does,  decompose;  but  I  am  not  aware  that  any 
one  has  satisfactorily  determined  what  the  result  of  such  decomposition 
may  be.  Mr  Mobray,  an  accomplished  chemist,  and  extensive  manu- 
facturer of  nitro-glycerin,  declares  that  it  does  not  decompose,  provided. 
that  every  particle  of  free  acid  be  removed  from  it. 

Cannot  be  made  free  from  acid. — But  this  I  believe  to  be  nearly,  or" 
quite  impossible.  Minute  globules  of  acid  become  enveloped  in  larger 
globules  of  oil  of  the  same  specific  gravity,  and  owing  to  their  peculiar 
cohesiveness,  before  described,  there  is  no  certainty  that  all  these 
globules   come   in   contact  with  the  water  in  which  the  oil  is  washed. 
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We  have  placed  oil  already  repeatedly  washed  in  a  vessel  containing  a 
strong  alkaline  solution,  and  it  was  frequently  stirred  therein.  For  a 
day  or  two,  the  water  did  not  lose  its  alkaline  character,  but  after  several 
days  it  became  decidedly  acid. 

Tin  vessels  dangei'ous. — Hence,  when  placed  in  tin  vessels,  what  acid 
thus  exists  may  be  locked  up  in  the  centre  of  the  mass,  but  by  slow 
movement  particles  may,  at  length,  come  in  contact  with  the  metal.  If 
no  other  decomposition  occurs,  may  not  the  bubbles  of  mixed  hydrogen 
and  oxygen  gas,  and  perhaps  nitrous  acid  gas,  that  may  be  formed,  be 
a  sufficient  cause  for  the  extreme  sensitiveness  to  explosion  being  then 
developed  ?  At  all  events,  whatever  may  be  the  cause,  it  is  quite  certain 
that  under  these  circumstances,  something  is  frequently  produced  which, 
however  minute  in  quantity,  is  all-sufficient  to  produce  dire  results. 

Should  never  be  transported. — This  being  undeniable,  I  would  respect- 
fully submit  to  your  judgment  that  popular  sentiment  need  nbt  be  out- 
raged by  the  transportation  of  this  material;  life  need  not  be  risked  by 
its  storage  in  large  quantities,  since  it  can  nearly  always  be  easily  and 
cheaply  manufactured  in  the  immediate  vicinity  of  the  locality  where  it 
is  to  be  used. 

It  is  to  be  remembered,  also,  that  there  are  reasons  for  believing  that 
the  value  of  the  material  thus  newly  produced  may  be  greater  than  that 
of  oil  that  has  been  stored. 

The  process  of  manufacture  is  so  simple,  the  formulae  so  few  and  ar- 
bitrary, that  a  chemical  expert  is  not  required,  but  any  reliable  and 
intelligent  laborer  may  be  instructed  in  one  day  to  manufacture  it  suc- 
cessfully. 

To  the  fourth  objection  it  may  be  said,  that,  though  unfortunate  that 
ignorant  experiment  may,  in  its  results,  lead  us  to  false  conclusions,  yet 
all  popular  improvements  pass  through  similar  ordeals.  There  seems 
to  be  no  cure  to  the  prejudices  thus  created,  except  in  the  fact  that  it 
will  eventually  be  submitted  to  the  experimentation  of  more  intelligent 
and  more  careful  men,  who  will,  at  least,  develop  its  greater  value,  or 
give  us  more  reliable  data  upon  which  to  determine  its  value  as  com- 
pared to  powder  or  other  explosives. 
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Addivss  i)f  JoiiN'  B.  JiiKVis,  Hon,  Member  of  the  Societv, 

delivered  at  its  First  Annual  Convention,  lii'ld 

June  10,  1809. 

'Mv.  Phesidkxt  and  Gentlemen  : 

I  tliank  you  for  the  lionor  j-ou  liave  bestowed  iu  making  me  au  lionorarv 
member  of  your  Soeiety.  Perhaps  you  may  not  expect  me  to  say  more  at 
this,  time,  but  it  has  appeared  to  me  a  fitting  occasion  for  some  remarks  on 
matters  connected  witli  the  prosperity  of  your  Society;  and,  if  I  may  tres- 
puss  on  your  time,  I  will  occupj'  it  to  briefly  discuss  a  few  points  on  this 
subject. 

It  does  not  appear  worth  while  to  speak  of  the  general  character  and 
importance  of  the  profession,  for  that  has  recently  been  so  ably  done  bj- 
your  President  that  I  could  hardly  add  to  what  has  been  done.  I  will, 
tlierefore,  content  myself,  and  liope  j'ou  will  excuse  me,  with  the  more  com- 
mon-place affairs  that  affect  the  interest  of  your  Society. 

All  professions  must  liave  a  beginning.  There  must  be  preparation,  just 
as  when  a  fabric  is  to  be  reared,  the  rubbish  must  tirst  be  removed  and  a 
proper  foundation  prepared  on  which  the  structure  is  to  rest.  You  will  sus- 
pect, from  this,  I  am  going  to  talk  to  the  beginner,  rather  than  to  those  who 
have  a  matured  skill  and  experience. 

A  civil  engineer  I  understand  to  be  a  man  who  devises  and  executes 
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works,  us  canals,  railroads,  water-works,  bridges,  mining,  etc.  I  regard  it  as 
different  from  tlie  strictly  mechanical  engineer;  but  tlie  civil  engineer 
should  know  much  of  mechanical  engineering,  thougli  he  be  nut  a  professor 
in  devising  and  constructing  machinery. 

After  a  fair  education  in  the  ordinary  elements,  tlie  young  man  that  de- 
signs to  prepare  for  the  profession  of  an  engineer  should  study  mathematics 
so  far  as  to  qualify  him  to  make  any  computation  of  quantities,  and  lo  carry 
forward  any  investigations  that  he  may  find  it  necessary  to  make  in  pursu- 
ing the  science  of  mechanical  philosophy,  and  especially  in  regard  to  the 
strength  of  all  materials  that  may  be  required  in  the  structures  he  may  be 
called  upon  to  erect,  and  the  capacity  of  his  structures  to  support  the  object 
for  which  they  may  be  designed. 

The  engineer,  having  got  thus  far  in  his  study,  he  is  prepared  to  enter  on 
the  study  of  mechanical  philosophy.  In  this  branch  he  will  hardly  be  able 
to  learn  too  much.  It  enters  deeply  into  the  atfairs  of  an  engineer.  In  this, 
especial  attention  should  be  paid  to  the  character  of  all  the  materials  required 
in  the  varied  structures  it  is  his  business  to  provide  for,  and  the  form  and 
position  of  materials  best  adapted  to  the  end  it  is  sought  to  secure. 

The  next  object  I  should  propose  for  study  is  hydraulics.  This  enters 
into  nearly  all  the  questions  in  engineering,  especially  canals,  water-work>., 
mining,  and  bridges.  In  some  respects  it  is  a  ditHcult  science,  not  in  lis 
mathematic  or  theoretic  aspect,  but  in  the  difficulty  of  obtaining  accurate 
data  on  which  to  rest  the  computations  for  specific  objects.  This  difficulty 
only  renders  its  careful  study  more  important,  and  it  will  be  found  that 
much  has  been  reduced  to  a  scientific  form,  and  if  not  in  all  cases  exact,  is 
so  close  an  approximation  as  to  afford  a  reasonably  safe  guide  in  practical 
hydraulics. 

I  have  not  noticed  the  surveying  feature,  for,  with  a  proper  knowledge 
of  mathematics,  it  is  only  necessary  to  learn  the  use  of  instruments  in  order 
to  establish  lines  and  levels.  The  education,  thus  far,  may  be  obtained  at 
any  school  that  has  a  good  mathematical  department. 

The  next  step  in  education  should  be  the  study  of  structures  of  various 
kinds  that  have  been  erected  by  experienced  engineers.  These  have  been 
published  in  various  books,  and  may  be  advantageously  studied  without  a 
professed  teacher.  So  far,  the  student  is  merely  a  student,  and  is  only  well 
prepared  to  enter  on  the  practical  or  real  study  of  his  profession. 

Every  work  detailed  and  set  forth  in  books  has  been  erected  with  some 
specific  object,  and  under  circumstances  that  are  not  likely  to  be  in  fill 
respects  found  again  for  any  similar  work.     The  young  engineer  will,  there- 
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fore,  ie;iuire  gic.it  care  in  recommeudiug  a  structure  he  has  examiued  iu  a 
book,  to  see  that  the  ch'curastauces  surrounding  his  case  are  analogous  to 
tlie  original.  Neglect,  in  this  respect,  may  lead  to  very  unfavorable  results. 
With  a  sound  knowledge  of  principles  in  regard  to  form  of  structure  best 
calcul.ited  to  secure  the  object  for  which  the  work  is  designed,  and  to  afford 
the  necessary  stability  and  permanence,  and  of  the  materials  best  adapted 
to  this  purpose,  he  will  be  able  to  make  an  intelligent  criticism  on  what  he 
examines,  and  judge  how  far  it  may  be  a  guide  in  his  operations. 

The  next  step  iu  tliis  training  is  to  enter  on  tiie  field  of  practical  duties 
under  the  guide  of  an  experienced  engineer.  In  this  situation  he  will  have 
opportunity  to  examine  the  unbroken  ground,  learn  the  reasons  for  the 
various  parts  of  the  work,  and  wliy  it  may  be  proper  to  depart  from  the 
order  of  some  similar  work  he  may  have  noticed  in  his  studies.  Here  he 
will  see  the  ground  to  be  occupied,  and,  b\-  communion  with  his  principal, 
will  see  how  far  it  may  be  adapted  t  >  the  proposed  work — the  various  needs 
of  tlie  structure,  the  facilities  for  materials  most  suitable,  and  how  far  a 
modification  in  plan  and  materials  may  be  required  to  meet  the  circum- 
stances that  miy  exist.  It  will  Ix'  a  practical  question  to  determine  to  what 
extent  the  expenses  may  go.  In  some  works,  absolute  stability  and  perman- 
ence are  of  high  importance,  especially  if  great  inconvenience  will  arise  in 
making  rei)airs  and  renewals.  Tne  foundations,  however,  of  any  work, 
should  be  stable,  well  adapted  to  support  the  weight  of  superstructure,  and 
of  permanent  materials.  This  is  a  part  that  can  rarely  be  renewed  without 
taking  down  the  whole  fabric,  and  the  engineer  should  be  especially  careful 
in  this  respect.  It  should  not  be  secured  by  unnecessary  expense,  as  this 
would  be  a  waste  of  means  ;  but  the  engineer  will  be  justified  in  doing  some- 
thing more  than  may  appear  necessary  rather  than  to  fall  below  safet}'.  If 
the.fouudation  is  exposed  to  surf  or  running  water,  especial  care  should  be 
taken  to  guard  against  this  action,  or  it  may  undermine  the  best  work.  This 
part  of  a  structure  will  often  be  expensive,  and  the  engineer  wh^  looks  lor 
eminence  in  his  profession,  must  study  this  branch  thoroughly.  It  will  not 
do  for  him  to  make  his  foundations  inadequate,  nor  will  he  be  justified  in 
incurring  unwarrantable  expense ;  what  he  wants  is  enough  for  security, 
and  his  skill  is  to  obtain  that  and  such  excess  as  will  provide  for  such  con- 
tingency as  may  possibly  happen.  Many  small  structures  may  fail  and  be 
rebailt  without  serious  damage  ;  but  large  works,  that  provide  for  the  cur- 
rent and  especially  the  daily  wants  of  society,  should  have  every  reasonable 
protection  against  failure.  The  reason  for  this  is  obvious.  Therefore,  look 
carefully  to  your  foundations. 
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Hitherto  it  lias  been  customary  to  use  timber  to  a  large  extent  in  engineer- 
ing works.  No  doubt  this  has  been  wise  in  nianj'  cases.  It  sometimes 
happens  that  the  surface  of  a  bridge  cannot  be  elevated  so  as  to  admit  a 
stone  arch,  and  some  substance  must  be  used  that  will  occup}-  less  room,  as 
timber  or  iron;  and  if  ironl)e  dear  and  timber  cheap,  the  latter  may  properly 
be  adopted  for  a  time,  until  the  cost  of  each  approximates;  and  if  the  foun- 
dations and  walls  are  properly  made,  tlie  iron  may  be  put  on  at  a  future  day. 
Again,  a  work  may  be  constructed  where  stone  is  very  scarce  or  does  not  exist 
within  the  reach  of  the  work  at  reasonable  expense,  while  timber  may  be  con- 
venient. In  this  case  timl)er  should  be  used,  and  if  the  improvement  be  a 
railwa}-,  it  will,  when  put  in  operation,  afford  the  means  of  transporting 
stone  for  the  work.  In  the  latter  case  the  timlier  structure  should  be  so 
arranged  as  to  admit  the  stone  work  to  be  put  in  without  disturbing  the 
regular  use  of  the  bridge.  I  have  known  cases  where  a  timber  culvert  was 
init  down  and  covered  over  by  an  embankment ;  sometimes  they  were  sup- 
posed to  be  submerged,  and  so  protected  from  decay,  but  diil  not  get  low 
enough  for  safety,  and  reciuired,  in  a  few  years,  to  be  dug  out  at  heavy  ex- 
pense to  substitute  stone  work.  The  best  method  in  such  cases  is,  to  cross  so 
much  of  the  valley  as  is  necessary  for  the  culvert  or  bridge  \>y  a  substantial 
trestle  work,  embracing  as  much  more  as  will  provide  for  the  end  slopes  of 
the  embankment.  In  this  way  the  temporary  use  of  timber  may  be  a 
decided  economy,  while  the  plans  will  look  to  an  ultimate  substitution  of 
permanent  materials. 

The  railway  is  now  the  great  item  of  work  for  the  engineer.  There  has 
Ijeen,  and  still  continues  to  be,  a  want  of  engineering  skill  and  experience  in 
this  branch  of  work.  In  regard  to  railway  bridges,  I  am  fully  of  the  opinion 
that  stone  arches,  when  a  durable  stone  can  be  had,  is  the  best  style  of  work 
for  all  streams  where  there  is  sufficient  height  for  the  arch  below"  the  grade 
line  of  the  railway.  When  this  is  not  the  case,  the  abutments  and  piers 
should  be  of  stone,  with  a  view  of  ultimately  putting  on  a  super-structure 
of  iron,  when  the  relative  price  of  timber  and  iron  no  longer  makes  timber 
profitable.  In  computing  the  economy  of  timber  as  compared  with  iron,  the 
danger  of  fire  is  to  be  considered. 

The  style  of  engineering  structures  should  have  especial  reference  to 
adaptation  to  the  object  that  is  to  be  secured.  In  this,  due  proportion  should 
be  considered,  that  the  mind  of  the  observer  may  notice  the  reasons  for  the 
ditlercnt  parts.  This  demands  s^-mmetrj',  and  gives  substantial  beauty  to  very 
plain  work.  There  are  situations  when  it  is  warrantable  to  expend  some 
money  for  mere  ornamentation  ;  as  in  very  important  works  that  are  much 
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exposed  to  obstrvation  ;  but  for  the  most  part,  the  only  ornament  should  be 
found  in  the  well-arranged  proportions  of  the  structure,  and  this  is  very 
great.  In  this,  care  is  to  be  taken  that  no  part  of  the  structure  has  a  redun- 
dancy of  materials  so  placed  as  to  be  a  tax  rather  than  a  support  to  the 
fabric.  Also,  that  the  material  be  placed  in  the  most  favorable  form  to 
secure  strength. 

Materials  will,  of  course,  have  different  offices  to  perform.  Some  will  b(! 
exposed  to  a  crushing  weight — others  to  a  tensile  strain,  and  others  to  trans- 
verse fractures.  In  all  these  cases  the  strength  must  be  duly  considered,  and 
also,  the  form  of  material  that  will  secure  its  greatest  strength  for  its  peculiar 
load. 

No  skill  in  forming  lines  and  levels,  and  in  devising  structures,  will  com- 
plete the  education  of  an  engineer  without  an  intelligent  capacity  for  con- 
ducting business.  This  is  an  important  item  in  his  education,  and  indispens- 
able to  a  successful  practice.  The  training  of  his  mind  should  make  this 
an  easy  acquisition.  He  will  often  find  it  necessary,  for  his  own  investiga- 
tions, to  make  written  statements  and  tabulations,  which  will  call  into  action 
his  skill  in  arrangement— even  his  common  note-book  will  exercise  his 
powers  to  put  his  work  in  an  intelligible  and  convenient  form.  If  he  keep 
in  mind  that  he  should  be  prepared  to  protect  himself  against  forgetting  his 
own  work,  and  be  able,  at  anj-  time,  to  give  an  account  of  his  doings,  he  will 
feel  the  necessitj'  of  order  and  ready  reference,  which  are  the  essential  ele- 
ments of  business.  Some  people  suppose  an  engineer,  as  a  matter  of  course, 
knows  nothing  about  business  management.  An  absurd  mistake.  No  pro- 
fession more  needs  thorough  business  qualification.  It  is  still  a  further 
error  to  suppose  an  engineer,  by  his  education,  is  unfitted  for  sj'stematic 
business.  The  fact  is  the  very  reverse.  His  education  peculiarl}^  qualities 
him  'for  a  systematic  management  of  business,  and  his  professional  duties 
demand  the  most  varied  knowledge  in  this  respect.  The  first  operation  in 
his  business  life  is  to  set  forth,  in  intelligent  form,  the  work  he  has  been 
doing ;  a  line,  a  level,  or  a  series  of  computations  to  be  set  forth  in  order. 
Then  he  comes  to  prepare  contracts  and  specifications  for  work,  which  de- 
mauds  an  accurate  knowledge  of  all  he  wants  done,  set  forth  in  items  so 
described  that  there  will  be  no  misunderstanding;  an  important  business 
matter.  His  work  now  under  contract,  he  must  measure  and  compute  all 
items  of  work,  and  these  must  be  so  arranged,  in  a  suitable  book,  that  they 
can  be  referred  to,  and  made  the  basis  of  his  occasional  and  final  statements 
of  work  done.  So  far  I  have  only  treated  of  that  branch  of  a  business  educa- 
tion that  relates  to  the  method  of  preparing  tables,  accounts  and  statements. 
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But,  says  one,  they  know  nothing  about  double  entry.  It  is  true  they  do  not 
usually  have  much  to  do  with  what  is  called  double  entry  in  accounts;  but  I 
have  known  an  engineer  that  suddenly  found  himself  called  upon  to  keep 
accounts  in  that  way,  and  he  very  soon  opened  a  set  of  accounts,  and  found 
no  difficulty  in  keeping  them  ;  and,  I  venture  to  say,  any  intelligent  engineer 
would  do  the  same.  The  most  important  feature  in  business  is  still  to  be 
considered,  namely,  a  knowledge  of  men  and  of  the  value  of  work.  I  know 
of  no  occupation  that  better  qualities  a  man  in  this  respect  than  engineering. 
He  has  to  deal  with  men  who,  as  a  class,  are  proverbially  sharp  in  the  con- 
dict  of  their  affairs,  with  whom  many  questions  arise  that  are  not  to  be 
determined  by  a  simple  computation,  and  even  computations  will  be  ques- 
tioned. AVith  these  men  the  engineer  holds  a  delicate  relation,  as  the 
umpire  between  the  contracting  parties ;  and  will  often  be  placed  between 
plausible  claims  on  one  hand,  and  a  sense  of  duty  on  the  other.  In  these 
circumstances  he  will  have  great  opportunity  to  obtain  a  business  knowledge 
of  men.  Some  he  will  find  upright,  though  they  may  liave  mistaken  views 
of  their  rights;  and  others  he  will  find  under  much  pi-etension  to  seek  what 
they  should  not  have.  Under  various  conflicts  the  engineer  must  aim  to  do 
justice  between  the  parties.  They  have  committed  to  him  the  duty  of  ad- 
justing all  questions,  and  in  this  he  must  examine  the  bearing  of  all  claims, 
and  though  he  may  be  annoyed  at  what  he  thinks  an  unjust  demand,  he  is 
in  duty  bound  to  render  equity,  according  to  the  terms  of  the  contract.  The 
engineer  being  in  the  emploj'  of  one  of  the  parties,  it  is  indispensable  that  he 
maintain  the  reputation  of  an  upright  man,  for  on- this  the  contractor  must 
depend.  If  he  shows  a  disposition  to  take  undue  advantage,  not  warranted 
liy  the  terms  and  spirit  of  the  contract,  the  contractor  will  lose  confidence 
if  this  is  against  him,  and,  if  in  his  favor,  the  other  party  will  be  dissatisfied. 
In  all  such  cases,  committed  to  the  judgment  of  the  engineer,  he  will  need 
the  best  experience  as  a  business  man,  and  especially  to  cultivate  the  golden 
rule  of  doing  as  he  would  be  done  by.  It  is  always  prudent  for  an  engineer 
to  so  prepare  his  specifications  of  work  that  no  misunderstanding  may  arise. 
But  this  cannot  always  be  done,  as  contingent  work  is  sometimes,  and  I 
may  say  often,  required. 

Pardon  me  for  dwelling  a  little  longer  on  this  point.  I  will  suppose  a 
work  is  projected,  say  a  railwaj',  and  that  so  much  is  known  of  the  situation 
that  the  Avork  is  regarded  practicable,  and  the  belief  of  the  projectors  is,  that 
it  will  remunerate  the  outlay  supposed  to  be  necessary.  But  these  have  not 
sufficient  funds,  and  the  general  opinion  is  in  doubt,  and  with  onlj^  an  in- 
vestment interest,  the  capitalist  does  not  regard  it  safe.     The  projectors  tliink 
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that  if  they  can  raise  half  the  cost,  or,  perhaps,  one-third,  the\-  can  obtain 
the  balance  on  mortgage  bonds.  The  people  interested  in  the  proposed  rail- 
way have  a  large  indirect  interest,  and  are  ready  to  take  the  stock  on  this 
basis.  But  they  will  aim  to  take  as  small  an  amount  as  possible,  and  hence 
the  plan  of  raising  the  funds  on  Town  and  County  bonds,  so  as  to  lay  tlic 
burden  more  uniformly  on  all  parties  having  this  indirect  interest.  In  this 
way  so  much  is  raised  as  is  regarded  necessar\-  to  commence  worlc  This 
must  be  expended  before  there  is  a  basis  for  bonds,  and  before  it  can  be 
known  how  much  may  be  depended  on  from  bonds.  In  this  state  of  affairs 
the  engineer  is  set  at  work.  He  knows  there  is  not  sufficient  funds  provided 
to  complete  the  work,  and  it  is  necessary  for  him  to  keep  this  in  view.  If  the 
railway  is  of  considerable  length,  say  one  hundred  miles  or  over,  and  he  has 
funds  sufficient  to  build  half  of  it,  or  fifty  miles,  before  resorting  to  bonds, 
his  best  course  will  be  to  put  this  section  into  running  order,  and  commence 
his  traffic.  This  will  have  two  advantages.  First,  the  bonds  will  be  more 
readily  taken  on  a  railway  with  an  active  traffic,  affording  income  to  pay 
interest,  than  on  an  unfinished  line  of  double  the  length,  with  the  same 
amount  of  expenditure.  But  the  funds  have  been  raised  from  the  whole 
length  of  railway,  and  in  each  town  and  county  they  will  want  their  funds 
expended  in  their  own  district.  The  latter  method  has  sometimes  totally 
defeated  the  project,  after  an  expenditure  that  should  have  put  an  available 
section  in  running  order,  and  would  have  secured  the  ultimate  completion 
of  the  whole.  The  capacity,  the  reputation  and  the  business  firmness  of  the 
engineer  will  have  much  to  do  in  adjusting  such  a  state  of  affairs. 

The  business  capacity  of  the  engineer  will,  in  most  cases,  be  tried  in  his 
intercourse  Avith  the  managers  of  the  enterprise.  In  the  utmost  good  feeling 
they  will  be  very  apprehensive  of  expense,  and  desire  various  methods  of 
reduction,  which  will  appear  plausible  to  them,  as  well  adapted  to  their  cir- 
cumstances. The  engineer,  very  naturally,  desires  to  make  a  work  that  will 
be  creditable  to  his  profession.  But  he  must  listen  respectfully  to  the  sug- 
gestions of  his  principals,  and,  so  far  as  he  can,  modify  his  plans  to  meet 
them.  The  engineer  may  be  well  satisfied  his  plans  are  best  adapted  to  the 
permanent  interest  of  the  enterprise,  and,  so  far  as  he  is  able,  should  con- 
vince the  managers  they  are  so.  In  this  he  will  find  need  of  all  his  business 
tact,  to  jield  when  circumstances,  and  especially  the  want  of  funds,  afford  a 
reasonable  apology,  or  even  a  necessity,  for  so  doing.  It  ma}'  not,  in  fact,  be 
practicable  to  make  his  work  as  permanent  or  complete  as  its  true  interest 
requires,  for  want  of  funds,  or  for  want  of  the  most  suitable  materials.  Of 
these  he  must  exercise  his  discretion  as  a  business  man,  as  well  as  a  skillful 
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eiiginetT.  There  is  anotluT  point  in  tliis  connection  tliat  will  often  be  more 
trying  than  the  above.  The  managers  of  such  enterprises  have  been  known 
to  conduct  their  affairs  with  a  view  to  make  them  subservient  to  their  pri- 
vate interest  or  ambition.  They  may  do  this  more  or  less,  without  interfer- 
ence with  the  duties  of  the  engineer,  in  wliich  case  he  may  know  nothing 
of  it,  or,  if  does  know,  be  may  not  be  bound  as  a  duty  to  take  notice  of  it. 
But  it  is  very  likely  to  come  in  conflict,  and  he  will  be  expected  to  shape  his 
professional  duties  in  a  way  that  will  promote  private  interests  at  the 
(ixpense  of  the  institution.  Great  skill  and  adroitness  will  be  practised,  and 
if  the  engineer  has  any  weak  side  it  will  surely  be  found.  These  things  will 
always  be  done  mider  profession  of  serving  the  institution.  To  avoid  wrong- 
doing, and,  at  the  same  time,  give  no  just  off'ence  under  the  circumstances, 
will  surely  try  the  business  capacity  of  an  engineer.  The  matter  in  issue 
may  bring  a  crisis  that  will  compel  resignation. 

In  review  of  the  brief  discussion  I  have  given,  I  think  I  am  fully  war- 
ranted in  the  opinion,  that  the  training  and  practice  of  an  engineer  should 
make  him  peculiarly  eminent  as  a  business  man,  not  less  than  skilled  in 
designing  and  erecting  works  in  his  profession. 

As  the  country  increases  in  population  and  wealth,  there  will  be  increased 
demand  for  werks  of  difficulty.  The  growing  wants  of  society,  and  the 
benetits  that  have  resulted  from  improvements  already  in  successful  opera- 
tion, will  induce  the  undertaking  of  similar  works  under  greater  difficulties, 
and,  also,  such  other  kinds  of  work  as  had  not  been  regarded  practicable  in 
fbrmcr  times.  Old  works  will  require  enl.irgement  and  improvement  to 
meet  the  increasing  demands  of  public  use.  I,  therefore,  see  no  stopping 
place  for  the  engineer.  He  will  be  called  upon  to  put  forth  all  his  powers, 
and  sometimes  his  discretion,  to  meet  the  demands  that  will  most  probably 
be  made  on  his  professional  skill.  As  he  goes  forward  beyond  his  own 
experience,  he  will  need  to  understand  well  the  principles  that  underlie  his 
professicju,  and  how  far  his  own  experience,  that  may  be  more  or  less  anal- 
ogous to  the  proposition  in  view,  will  sustain  him  in  whatever  he  may 
advocate. 

I  need  not  make  apology  for  the  preceding  remarks ;  the  progressive 
advance  in  engineering  works  in  this  country  shows  that  the  science  has 
steadily  advanced.  It  certainly  began  very  low,  and  has  attained  to  a  very 
respectable  position,  as  is  evidenced  by  the  very  creditable  and  highly  useful 
w'orks  that  have  been  constructed,  and  the  improvement  that  has  been  made 
o;i  works  erected  in  the  early  part  of  our  history. 

Fifty  years  ago,  it  was  generally  considered  that  the  land  surveyor  had 
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the  basis  of  the  engineer's  art.  To  run  lines  anil  levels,  and  map  the  same, 
with  topography  of  country,  was  held  in  high  estimation  as  an  art.  At  that 
time  little  was  known  of  designing  plans,  and  maturing  the  numerous  details 
of  works  in  engineering.  Little  had  then  been  done  in  this  country,  and,  of 
course,  veiy  few  specimens  were  otTered  for  study.  To  illustrate  this,  I  will 
tell  a  short  storj'.  In  1826, 1  made  the  journey  from  New  York  to  Boston 
to  study  the  Quiucj-  Railway.  The  work  was  about  three  miles  long.  It 
was  made  of  timber  rails,  capped  with  iron  plates,  i  inch  thick  and  3  inches 
wide.  The  cars  were  high,  to  provide  for  slinging  the  large  granite  blocks 
under  the  frame.  The  wheels  were  about  G  feet  diameter,  made  of  wooden 
spokes  and  felloes,  Ijanded  in  the  common  wagon  method  with  iron,  and 
the  flange  Avas  a  ring  of  wrought  iron,  J  inch  thick,  bolted  to  the  felloes.  I 
spent  about  one  week  in  this  enterprise,  to  learn  what  I  could  of  the  method 
of  building  railwaA-s.  JFy  young  friends  will  hardl}^  understand  what  I 
expected  to  learn,  and,  perhaps,  think  it  was  ver}'  stupid  to  devote  so  mucii 
time  on  such  an  object.  But  I  never  regretted  the  time  that  I  gave  to  this 
early  specimen  of  the  American  railways.  I  will  now  mention  another  in- 
stance of  the  progressive  art  of  engineering.  ^lanj-  years  since  the  British 
Government  desired  a  l)ridge  over  the  Strait  at  ^lenai,  to  accommodate  the 
Ilolh'head  Turnpike  Road.  The\'  called  for  engineers  to  present  plans  of 
bridge,  reijuiring  a  span  of  five  hundred  feet  Very  few  had  the  l)oklness  to 
present  a  i)lan,  and  though  the  celebrated  Renney  did  submit  a  plan,  he  spoke 
in  his  report  so  timoroush'  of  its  success,  that  the  Government  did  not  think 
proper  to  engage.  Some  time  elapsed,  the  Government  still  soliciting  plans, 
when  Telford  made  plans  and  i)roposed  to  do  the  work.  The  Government 
accepted,  and  Telford  commenced  to  arrange  for  the  work.  He  found  it 
expedient  to  make  an  entire  change  of  his  plan,  and  finally,  instead  of  a  cast- 
iron,  erected  a  suspension  or  chain  bridge.  At  that  day,  his  bridge  was  con- 
sidered the  greatest  triumph  of  bridge  building  previously  accomplished.  It 
was  really  a  great  work ;  but  at  this  day  it  would  scarcely  be  more  regarded 
for  such  a  location,  than  the  Quincy  Railwaj'  as  a  pattern  for  railway 
making.  Telford  was  a  great  man  as  an  engineer,  and  is  justly  held  in 
eminence,  though  subsequent  exjierience  has  shown  a  better  waj-.  No 
doubt  it  will  be  so  in  future.  Works  great  in  one  age  of  the  profession,  will 
lie  superseded  by  the  greater  experience  of  future  times. 

There  are  many  important  works  in  engineering  that  I  have  not  time  to 
notice,  in  a  historic  way,  liut  I  will  ask  j-our  indulgence  while  I  make  some' 
reference  to  railways. 

We  commenced  with  canals,  and  tliis,  I  think,  was  a  favorable  circum- 
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stance,  inasmuch  as  it  requires  greater  care  in  levels,  and  in  guarding  against 
the  action  of  water.  AVe  have  now  been  forty  \-ears  on  railways.  It  was 
said  of  a  certain  country,  "  That  it  was  a  finished  country."  AVhatever  may 
have  been  the  proprietj'  of  that  saying,  it  cannot  be  said  our  railways  are 
finished  railways.  There  is  great  range  in  the  character  of  work  that  is 
called  a  railway.  In  this  I  have  no  reference  to  merely  ornamental  parts,  but 
to  those  that  relate  to  staljility,  permanence  and  utility.  It  has  no  unyield- 
ing necessity  foi  a  level  grade.  It  may  be  laid  very  little  above  the  flow  of 
streams  in  time  of  floods.  Its  bed  may  be  of  common  earth ;  that  will  do 
very  well  in  dry  weather,  and  when  irost  does  not  afi'ect  it.  The  grade  in 
t;.\cavation  may  be  too  narrow  to  admit  proper  drainage.  The  cross  ties 
may  be  of  very  perishable  wood.  The  superstructure  done  in  an  inferior 
manner ;  and  station  buildings  and  shops  of  small  extent,  inconvenient  in 
form,  and  of  imperfect  structure  Now,  do  not  suppose  I  am  going  to  say 
all  railway's  have  been  made  in  this  defective  style.  But  I  may  saj',  verj^ 
few  have  been  made  that  have  not,  more  or  less,  the  character  I  have  given. 
Imperfect  drainage,  defective  road-bed,  and  ill-arranged  station  grounds, 
buildings  and  shops,  are  to  be  seen  on  nearly  all  the  railways  in  the 
country. 

The  want  of  transportation  facilities  in  our  widely  extended  and  sparsely 
settled  country,  has,  very  naturally,  been  a  material  cause  of  our  imperfect 
railway  w^orks.  In  addition  to  this,  the  want  of  experienced  and  competent 
engineers,  to  meet  the  great  and  sudden  demand  for  such  works,  has,  no 
doubt,  contributed  to  the  imperfection,  and  left  much  to  be  done  before  the 
railways  will  be  in  a  condition  to  fully  meet  the  usefulness  thej'  are  capable 
of  serving. 

In  railway  building,  for  the  most  jiart,  the  engineer  has  been  regarded 
merely  as  an  expert,  to  run  lines  and  levels,  and  compute  cjuantities.  When 
the  work,  in  this  respect,  was  done,  he  was  regarded  as  of  no  more  use,  and 
to  retain  one  of  his  assistants  to  do  a  little  leveling  or  surveying,  for  some 
contingent  work,  was  all  that  was  regarded  as  necessary  from  his  depart- 
ment. No  doubt  some  engineers  who  have  built  railways,  had  no  profes- 
sional ciualification  to  go  further.  No  one  can  complain  of  them ;  they  did 
all  they  supposed  required  of  their  profession,  and  this  was,  perhaps,  all 
their  employers  expected  of  them  as  engineers.  It  may  be  said  why  not 
employ  an  engineer  of  more  experience;  to  which  it  may  be  replied,  they 
probably  were  not  to  be  had.  It  has  been  a  great  error  on  the  part  of 
engineers  and  proprietors,  that  the  impression  to  a  great  extent  prevailed, 
that  in  regard  to  machinery,  station  grounds,  buildings  and  shops,  the 
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engineer  gave  way  to  the  mechanic.  Tliis  circumstance  lias  put  back  the 
profession,  keeping  the  engineer  from  the  proper  study  of  these  duties,  so 
that  only  a  small  comparative  number  have  given  proper  attention  to  this 
unportant  branch  of  professional  duty.  So  long  as  the  engineer  did  not 
assume  these  duties,  the  resort  to  the  mechanic  was  ver^-  natural,  and  he 
would  be  regarded  as  best  qualified  to  make  up  the  complement  of  the  rail- 
waj'.  The  excuse  for  this  is,  the  profession  in  general  had  little  knowledge 
of  what  was  wanted  in  these  respects,  and  the  engineer  was  regarded  as  a 
sort  of  refined  surve3'or,  and  as  knowing  nothing  about  engines,  cars  and 
shops.  Xow,  the  professional  point  is,  that  the  engineer's  education  should 
(pialify  him  better  than  anj'  other  to  provide  for  ever^-thing  about  a  railway. 
The  engineer  constructs  a  raihva3^  and  should  know  better  than  any 
other  what  sort  of  machinery  is  best  adapte.l  to  its  use.  Of  couree,  he  will 
go  to  the  mechanic  for  his  engines,  cars,  &c.,  but  he  should  know  the  general 
character,  and  be  able  to  specify  the  leading  or  principal  characteristics  of 
what  he  wants.  Certain  accommodations  will  be  wanted  for  the  current 
use  and  repair  of  the  machineiy,  which  requires  much  thought  and  care,  on 
the  part  of  the  engineer,  to  secure  the  greatest  convenience  and  economy  in 
the  operations  of  business.  In  most  cases,  it  will  be  necessary  to  keep  in 
view  the  enlargement  of  stations  and  shops,  to  provide  for  a  probable  increase 
in  traflBc,  and,  while  building  for  present  Avants,  take  care  to  provide,  by 
method,  for  enlargement  at  a  future  day,  with  grounds  secured  for  this  pur- 
pose, so  that  no  pulling  down  shall  l)e  required.  In  the  history  of  our  rail- 
ways, it  is  palpable  tliese  things  have  been  imperfectly  considered.  It  has 
been  stated  why  our  works  have  been  subject  to  these  imperfections;  but 
that  does  not  excuse  their  want  of  improvement.  One  reason  for  neglect  may 
be  found,  in  the  feet,  that,  for  the  rnost  part,  engineers  did  not  regard  this  as 
properh"  belonging  to  their  profession,  and  when  a  railway  was  put  in  oper- 
ation they  withdrew,  as  having  accomplished  their  mission.  As  there  was 
not  much  more  to  do  in  leveling,  &c.,  the  proprietaiy  managers  looked  else- 
where to  find  men  to  conduct  the  operating  business.  We  cannot  blame  the 
engineer  for  leaving,  while  new  works  v.- ere  offered  for  his  supervision,  nor 
can  the  proprietors  be  blamed  under  the  aspect  of  affairs  then  presented. 
The  engineers,  for  the  most  part,  did  not  regard  the  operating  business  as  in 
their  profession,  and  the  managers  supposed,  as  a  matter  of  course,  that 
other  sources  must  supply  their  operating  executive.  In  a  few  cases 
engineers  were  retained  for  this  duty,  but  it  has  generally  been  otherwise. 
It  is  not  to  be  supposed,  that  in  the  condition  of  the  profession  at  the  time 
alluded  to,  engineers  would,  in  all  cases,  have  acted  wisely,  or  that  they 
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WDulil  liiive  ])e('n  e([niilly  wise.  They  have  vanin;^  capacity  and  skill,  as  in 
other  professions,  and  the  proprietary  interest  must  judge  of  them  as  they  do 
of  others  in  selections  for  a  professional  duty.  The  main  question  is,  will 
the  eui^ineer  be  more  likely  to  conduct  operating,  with  the  necessary'  improve- 
ments of  a  railway,  more  judiciously  than  the  man  who  has  only  a  general 
knowledge  of  business'?  If  such  a  question  was  applied  to  any  other  profes- 
sional service,  there  coukl  be  no  hesitation  as  to  the  answ^er.  In  the  one 
case,  it  has  been  the  special  study  to  look  into  such  matters.  Hardly  an 
engineer,  who  has  constructed  an  important  railway,  that  has  not  found 
the  necessity  of  investigating  the  sources  of  traflic,  as  well  as  the  building  of 
the  railway.  This  has  demanded  the  consideration  of  the  best  means  of 
conducting  the  traffic,  in  the  most  economical  method.  He  knows  he  is 
making  the  work  imperfect,  and  is  naturally  led  to  consider  how  this  is  to 
1)6  remedied  when  the  traffic  shall  furnish  the  financial  ability.  His  pre- 
vious training  and  reflection  have  given  him,  more  or  less,  a  correct  view  of 
tlie  principles  involved  in  successful  management.  On  the  other  hand,  the 
manager  has  had  no  scientiflc  training,  and  very  poor  experience  as  to  the 
duties  he  has  engaged  to  perform.  But  men  may  learn,  and  after  j^ears  of 
service  they  may  come  to  appreciate  the  character  of  their  duties;  obtaining 
their  education  at  a  great  expense  to  the  institution. 

For  the  most  part,  the  latter  class  have  had  the  operating  management  of 
our  railways.  Doubtless  many  of  them  have  made  considerable  proficiency  ; 
but  the  railways  are  still  imperfect,  and  few  of  them  have  yet  learned  that 
the  great  feature  of  operating  management  is  to  show  in  what  way  traffic 
can  be  conducted  at  the  least  expense  ;  that  is,  in  what  way  a  ton  of  freight 
can  be  carried  at  the  lowest  rate.  Certainly,  to  large  extent,  they  seem  to 
regard  the  largest  engine  and  the  longest  train  as  the  acme  of  skill,  without 
regard  to  expense.  Now,  they  talk  a  good  deal  about  steel  rails.  Would  it 
not  be  well  to  raise  their  rails  above  the  floods,  so  that  their  trains  need  not 
be  stopped  for  the  flood  to  subside  ?  Why  is  it,  after  thirty  years  of  opera- 
tion, the  great  New  York  Central  is  comi)ell(!d  to  stop  trains  until  the  high 
water  recedes  ?  Thei-e  is  no  necessity  for  this.  A  railway  making  a  surplus 
dividend  of  eighty  per  cent,  with  their  rails  under  flood  line  !  To  raise  their 
track  would  improve  their  facility  for  drainage.  I  do  not  know  that  this 
would  be  very  important,  for  they  do  not  now  properly  improve  the  facili- 
ties they  have  for  drainage.  For  an  old  and  important  railway  to  be  churn- 
ing out  mud  and  water  at  the  ends  of  tlieir  cross-sleepers,  does  not  show 
perfection  in  the  management.  This  is  a  serious  matter:  no  railway  can  be 
liood  that  is  not  well  drained.     IMuch  ballast  is  lost  bv  bad  drainage.     The 
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subgrade,  or  foundation',  should  be  well  formed,  that  water  may  drain  off 
promptly,  as,  if  it  stands  in  pools  under  the  ballast,  it  softens  the  foundation  ; 
ballast  sinks  into  it,  and  the  earth  foundatien  of  the  bed  will  rise  and  event- 
ually destroy  the  ballast.  This  circumstance,  and  the  want  of  proper 
materials  for  ballast,  has  prevented,  with  few  exceptions,  our  having  a  good 
road-bed.  A  large  portion  of  the  deterioration  of  rails  has  arisen  from 
detective  road-bed,  and  tins,  with  the  want  of  a  proper  joint,  has  been  the 
main  cause  of  deterioration  of  rails.  These  are  evils  that  are  tangible,  and 
should  be  corrected,  and  then  it  will  be  time  to  consider  the  steel  rail. 

By  an  imperfect  bed  rails  are  rapidly  destroyed,  and  the  current  expense 
of  adjustment  of  rails  is  largely  increased.  The  work  of  adjustment  of  rails 
is  done  little  by  little,  and  rarely  any  one  keeps  track  of  the  expenses.  If 
we  but  imperfectly  maintain  the  road-bed  for  iron  rails,  is  it  probable  we 
shall  do  better  with  steel  rails  ?  As  it  is  the  fashion  of  most  railway  men  to 
put  on  the  heaviest  machinery  the  rails  will  bear,  will  they  not  increase  this 
on  steel  rails  ?  And  what  then  becomes  of  the  road-bed  that  does  not  sup- 
port the  iron  rails  ?  If  properly  used,  the  iron  rails  would  do  double  the 
services  they  now  do.  It  maj^  be  steel  rails  will  be  best,  but  first  consider  the 
road-bed.  If  that  is  not  better  cared  for  than  at  present,  the  steel  rail  will 
have  a  poor  chauce. 

There  is  one  point  in  which  the  lait}'  railway  men  have  greatly  failed, 
and  that  is  in  their  j^ards  and  shops.  For  the  most  part,  railway  shops  have 
no  evidence  of  systematic  design.  Convenience  and  economy  seem  to  have 
been  lost  sight  of,  if  ever  seen.  But  I  am  getting  tedious  with  details,  and 
must  stop  this,  or  j'our  patience  will  be  exhausted. 

Allow  me  to  call  j^our  attention  to  the  general  aspect  of  this  case.  Is  it 
not  manifest  that  the  railway,  in  itself  and  its  appurtenances,  would  have 
been  brought  to  a  higher  state  of  perfection  if  engineers  had  managed  the  ex- 
ecution in  regard  to  improvements  and  operating  service.  On  this  point  I 
have  no  doubt.  A  lay  director  will  say,  The  engineer  is  quite  necessary  to 
build,  but  he  knows  nothing  of  the  operating  business.  I  have  shown  that 
his  education  is  more  specific  in  this  respect,  and  better  qualifies  him  than 
any  other  profession.  It  has  been  specially  urged  that  in  all  mere  business 
arrangements,  the  engineer  is  likely  to  be  overreached  by  the  shrewd  busi- 
ness man.  Now  the  fact  is,  the  lay  manager  does  not  understand  this  busi- 
ness as  well  as  the  engineer.  This  is  obvious  from  the  consideration  that 
skill,  in  all  transactions  in  business,  requires  that  a  man  know  the  cost  of 
production.  To  tliis  point  the  engineer's  education  directly  tends,  while  all 
such  knowledge  by  the  lay  manager  must  be  had  from  several  persons  in 
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diUVrcnt  departments,  no  one  of  which  is  able  to  analyze  the  whole.  I 
regard  this  as  sound  theory,  but  I  have  had.opportunit}'  to  notice  practical 
results.  In  all  the  general  business  arrangements  of  railway  companies,  the 
most  successful  that  I  have  known  have  been  conducted  by  engineers.  The 
lay  manager  often  manifests  much  skill  on  a  particular  point,  and  seems,  to 
himself  and  the  outside  observer,  to  have  managed  his  case  well.  But  the 
engineer  has  seen  this  point  and  all  others  that  bear  on  the  question,  and 
thereby  produces  a  result  more  beneficial  to  his  institution.  There  are  numer- 
ous ways  in  which  the  education  of  an  engineer  gives  him  superiority  over  the 
lay  manager  in  all  that  concerns  the  maintaining,  improvement  and  operat- 
ing business  of  a  railway.  I  give  these  views  after  mature  consideration, 
and  at  a  period  of  life  that  forbids  any  personal  interest  in  the  question.  I 
am  only  influenced  by  a  desire  that  railways  may  be  perfected. 

The  onl}'  objection  or  reply  that  I  may  apprehend  is,  that  engineers  have 
sometimes  failed  in  their  management.  No  doubt  tliis  has  been  the  case.  A 
lawyer  fails  in  some  professional  duty  he  had  engaged  to  do;  would  that 
be  a  sufficient  reason  for  taking  a  layman  to  conduct  law  business?  Cer- 
tainly not.  A  wise  man  would  regard  it  as  only  a  reason  for  greater  discre- 
tion in  selecting  his  legal  adviser.  The  case  should  be  the  same  in  regard 
to  an  engineer.  I  advise,  therefore,  that  engineers  give  more  specific  atten- 
tion to  the  operating  management  of  railways,  and  to  study  carefully  their 
imi)rovemeut,  so  far  as  previous  work  will  permit  beneficial  improvements. 
The  railway  is  a  great  machine,  in  which  the  track,  shops,  stations,  yards, 
engines  and  cars  are  all  to  work  in  harmony,  and  should  be  conducted  by 
an  engineer,  as  the  only  person  properly  educated  to  comprehend  all  as  one 
machine,  and  better  fitted  to  make  the  whole  work  in  an  eflicient  and  eco- 
nomical manner  than  any  lay  manager. 

There  are  some  difficulties  that  are,  perhaps,  peculiar  to  the  engineer. 
lie  will  sometimes  have  difficulty  in  satisfying  his  principals  or  the  manag- 
ing proprietors  of  the  undertaking.  There  Avill  be  various  methods  sug- 
gested that  he  cannot  consent  to,  and  some  he  will  regard  as  absolutely  bad. 
He  should  expect  this,  and  when  the  propositions  come,  look  cautiously  into 
the  probable  result,  and  set  forth  in  as  clear  a  light  as  he  may  be  able,  the 
reason  for  his  objections.  If  the  manager  is  a  prudent  man,  a  capable  en- 
gineer will  generally  be  able  to  satisfy  him  that  the  proposition  is  not  likely 
to  result  favorably,  or  that  there  may  be  grave  doubts.  But  if  hQ  fails  to  pro- 
duce such  impression,  let  him  reduce  the  proposition  to  such  form  of  experi- 
ment as  will,  with  the  least  loss,  afford  a  demonstration  that  will  satisfy  the 
manager.  It  will  not  often  happen  that  a  discreet  engineer  will  be  baffled 
in  what   he  may  regard  the  best  interest  of  the  work  he  is  conducting  ;  but 


151 


instances  will  sometimes  occur  in  which  the  manager  will  insist  on  the 
measures  he  proposes,  and  the  engineer  may  not  be  able  to  establish  the 
propriety  of  his  own'  views.  If  the  matter  is  not  materially  important,  it 
will  generally  be  best  for  the  engineer  to  waive  his  own  judgment  and 
proceed  in  the  experiment  with  as  much  caution  as  may  be  practicaljle, 
guarding,  as  much  as  possil)le,  against  injurious  influence  on  the  main  use- 
fulness and  character  of  the  undertaking.  If,  however,  it  Ije  material,  and 
likely  to  mar  the  usefulness  and  character  of  the  work,  he  will  be  justified 
in  resigning  his  charge  ;  but  this  is  not  always  necessary-  or  expedient.  The 
representative  of  the  proprietor  has  the  right  of  control,  and  if  the  special 
measure  he  may  jjropose  does  not  interfere  witli  the  just  right  of  other 
parties  that  may  be  interested,  the  engineer  may  set  brth,  in  distinct  terms, 
his  objection  to  it,  and  leave  the  pro|);-ietary  interest  to  abide  the  result,  taking 
care  to  give  it  a  fair  and  jut'-cious  iriil.  There  are  many  doulitful,  and  even 
weak  propositions,  urged  with  nruh  plausibility,  by  men  who  think  they 
understand  the  matter  fully,  and  are  at  times  supported  by  engineers  of  some 
experience,  and  others  who  feel  themselves  qualified  to  judge  quite  as  well 
as  the  most  experienced  engineer.  The  latter  maj'  not  be  able  to  demon- 
strate the  inadequacy  of  the  plan,  though  he  may  feel  assured  it  will  not 
succeed.  If,  however,  there  are  circumstances  that  compel  him  to  make  tlie 
trial,  he  should  do  it  on  the  smallest  scale  that  will  demonstrate  its  character. 
And  this  should  be  the  method  of  proceeding,  even  if  the  engineer  looks 
favorably  on  the  proposition.  It  is  always  wise  to  thoroughly  prove  a  thing 
that  proposes  to  be  useful,  on  as  small  a  scale  as  will  give  a  fair  trial,  espe- 
cially most  patents  that  are  worth  proving  at  all. 

In  conclusion,  I  ma\-  saj'.  The  engineer  eminentlj-  depends  on  character. 
The  interests  of  others,  in  various  ways,  are  committed  to  him.  On  his 
capacity  for  his  profession,  and  his  integrity  as  a  man,  reliance  must  be 
placed.  He  will  meet  many  difficulties  of  a  physical,  and  not  a  few  of  a 
moral  nature.  He  is  in  a  progressive  calling,  and  has  occasion  to  be  con- 
stantly learning.  I  suggest  a  ready  observation  of  w^hat  he  may  see ;  a  con- 
stant study  and  reflection  on  the  varied  duties  of  his  profession,  and  a  watch- 
ful guard  against  committing  himself  until  he  is  fully  prepared  to  set  forth 
his  views  clearly  and  decidedly.  To  neglect  the  latter  will  be  very  likel}-  to 
embarrass,  and  may  defeat  the  object  of  his  labors. 

Xow,  gentlemen,  I  am  in  my  seventy-foiu-th  j^ear,  and  if  m}"  fiftj"  years' 
service  in  the  profession  has  enabled  me  to  make  any  suggestions  that  ma}'  be 
useful  in  pursuing  your  duties  in  a  profession  that  is  eminently  connected  Avith 
the  progress  of  civilization,  I  shall  be  happy  in  this  brief  service,  though  I 
have  only  been  able  to  touch  a  few  of  the  questions  involved. 
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TUNNELS  OF  THE  PACIFIC  RAILEOAD. 

A   Ptiper   read   before   the   Society  Jau.   5,   1870,  by  John  11. 
GiLLiss,  Civil  Eiigiueer,  Member  of  the  Society. 

During  the  past  summer  the  track  has  been  completed  across  this 
Continent,  and  so  much  sooner  than  was  thought  possible,  that  the 
difficulties  overcome  are  apt  to  be  underrated.  Some  account  of  a 
single  item  in  the  great  work  may  therefore  be  interesting. 

Between  Omaha  and  Sacramento  there  are  nineteen  tunnels.  Four 
of  these  are  on  the  Union  Pacific,  and  fifteen  on  the  Central.  The  latter, 
having  been  completed  before  those  on  the  Union  Pacific  were  com- 
menced, will  be  spoken  of  first. 

Central  Pacific  Tunnels. — The  tunnels  of  the  Centi-al  Pacific  are  nearly 
all  near  the  summit,  where  it  crosses  the  western  range  of  the 
Sierra  Nevada.  The  line  here  lies  on  steep  hill-sides,  in  some  cases 
being,  for  long  distances,  on  a  face  of  bare  granite,  more  or  less  broken 
by  projecting  ledges  and  boulders,  but  with  an  average  slope  often  greater 
than  1  to  1.  In  such  places  embankments  were  almost  impracticable  j 
the  hills  were  too  steep  to  catch  the  slopes,  and  most  of  the  rock  from 
cuts  was  thrown  far  down  hill  by  heavy  seam  blasts.     On  these  accounts 


the  lino  fur  two  iniles  east  of  Donncr  Pass  was  thrown  further  into  the 
hill  than  on  original  location,  tlms  adding  to  the  depths  of  cuttings  and 
increasing  the  number  of  tunnels,  but  saving  retaining  walls,  and  where 
tunnels  were  made  enabling  the  work  to  be  carried  on  in  winter.  An- 
other important  object  was  the  saving  of  snow-covering  where  tunnels 
were  made,  and  giving  a  good  foundation  for  it  where  they  were  not. 
It  is  within  these  two  miles  that  seven  tunnels  are  crowded. 

A  detailed  account  of  each  tunnel  would  be  tedious.  Their  char- 
acteristics have  therefore  been  condensed  into  a  table.     See  Appendix  A. 

Commencement  of  IVurk. — Tunnels  1  and  2  are  both  west  of  Cisco, 
a  small  track  ninety-two  miles  from  !-=acramento,  and  within  thirteen  of 
the  summit.  They  were  both  Hnished  in  18G0.  During  the  fall  of  that 
year  tlie  track  reached  Cisco,  and  as  fast  as  the  gangs  of  Chinamen  were 
released  they  were  hurried  to  the  sunnnit  to  be  distributed  among  the 
tunnels  in  its  vicinity.  The  year  before,  some  gangs  had  been  sent  to 
summit  tunnel  No.  G,  and  commenced  the  cuts  at  its  extremities ;  winter 
set  in  before  the  headings  were  started-,  and  the  work  had  to  be  aban- 
doned. To  avoid  a  repetition  of  such  delay,  the  approaches  to  all  the 
tunnels  were  covered  with  men,  and  worked  night  and  day  in  three  shifts 
of  eight  hours  each.  Thus  time  was  saved,  and  the  tunnel  organization 
started  at  once.  As  an  illustration  of  the  hurry,  I  may  mention  walking 
two  miles  over  the  hills  after  dark,  and  staking  out  the  east  end  of  No. 
12  by  the  light  of  a  bonfire;  at  nine  o'clock  the  men  were  at  work. 

In  November  and  the  early  part  of  December  there  were  several  snow- 
storms, just  enougli  to  stimulate  without  delaying  the  work.  The  rough 
rocky  sides  of  Donner  Peak  soon  became  smooth,  slopes  of  snow  and  ice 
covering  the  trail  that  led  from  tun:iel  8  to  9 ;  it  remained  impassable 
until  spring,  and  communication  had  to  be  kept  up  by  the  wagon-road, 
five  or  six  liundred  feet  below.  This,  the  Dutch  Flat  and  Donner  Lake 
wagon  road,  was  opened  soon  after  it  was  decided  to  adopt  this  route. 
From  the  Pass  the  descent  toward  the  lake  was  over  very  rough  ground, 
requiring  heavy  side  cuts  and  retaining  walls  with  numerous  zig-zags  to 
gain  distance. 

From  this  road  the  scene  uas  strangelv  beautiful  at  night.  The  tall 
firs,  though  drooping  under  their  heavy  bui'dens,  pointed  to  the  moun- 
tains that  overhung  tliem,  where  the  fires  that  lit  seven  tunnels  slione 
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like  stars  on  their  snowy  aides.  The  only  sound  that  came  down  to 
break  the  stillness  of  the  winter  night  was  the  sharp  ring  of  hammer  on 
steel,  or  the  heavy  reports  of  the  blasts. 

Winter  O/18G0-7. — B}-  the  time  winter  had  set  in  foirly  the  headings 
were  all  under  ground.  The  work  was  then  independent  of  weather, 
except  as  storms  would  block  up  tunnel  entrances,  or  avalanches  sweep 
over  the  shanties  of  the  laborers.  Before  tracing  the  progress  of  the 
work  underground,  it  will  be  well  to  see  the  character  of  weather  out- 
doors. 

A  set  of  meteorological  instruments  was  furnished  by  Colonel  "Wil- 
liamson, of  the  United  States  Engineers,  consisting  of  barometer  wet, 
dry,  maximum  and  minimum  thermometers.  These,  with  wind,  clouds, 
etc.,  were  recorded  three  times  a  day,  and  hourly  during  ten  days  in 
each  month.  From  this  record  the  table  of  storms  given  in  Appendix  C 
was  made. 

Snow-stomis. — Thesa  storms,  forty-four  in  number,  varied  in  length 
from  a  short  snow  squall  to  a  two-week  gale,  and  in  dejith  from  a  quarter 
of  an  inch  to  ten  feet — none  less  than  the  former  number  being  recorded, 
nor  had  we  occasion  to  note  any  greater  than  the  latter.  This,  the 
heaviest  storm  of  the  winter,  began  February  18th,  at  2  p.  m.,  and  snowed 
stead.ly  until  10  p.  m.  of  the  22d,  during  which  time  six  feet  fell.  The 
supply  of  raw  material  was  then  exhausted,  but  the  barometer  kept  low 
and  the  wind  heavy  from  the  south-west  for  five  daj's  more,  by  which 
time  a  fi-esh  supply  of  damp  air  came  up  from  the  Pacific,  and  then,  as 
the  niAchineiy  was  still  running  full  speed,  this  was  gi'ound  up  without 
delay.  It  snowed  steadily  until  ^larch  2d,  making  ten  feet  snow  and 
thirteen  daj^s  storm.  It  is  true  that  no  snow  fell  for  five  days,  but  it 
drifted  so  furiouslj-  during  that  time  that  the  snow-tunnel  at  east  end 
of  tunnel  No.  6  had  to  be  lengthened  fifty  feet. 

These  storms  were  grand.  They  always  began  with  a  fall  in  the 
barometer  and  a  strong  wind  from  the  south-west,  hurrying  uj)  the 
tattered  rain-clouds  or  storm-scud  in  heavy  masses.  The  barometer, 
which  averaged  twenty-thi-ee  inches,  would  drop  sometimes  as  low  as 
twenty-two  and  a  half  Tlie  thermometer  was  rarely  below  twenty 
degrees  at  the  beginning  of  a  storm,  and  usually  I'ose  to  thirty-two 
degrees  before  its  close,  so  that  the  last  snow  would  be  damp  and  heavy, 
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sometimes  ending  in  a  rain.  Tlic  storms  ended,  and  clouds  were  scattered 
by  cold  winds  blowing  over  the  eastern  range  of  the  Sierra  Nevada  ; 
these  raised  the  barometer  and  dropped  the  temperature  at  once.  The 
lowest  temperature  of  the  winter  was  from  a  wind  of  this  sort,  five  and  a 
half  degrees  above  zero. 

Our  quarters  were  at  the  east  end  of  Conner  Pass,  but  still  in  the 
narrow  part.  About  the  second  or  third  da}-  of  a  storm  the  wind  would 
be  a  gale,  sometimes  ten  pounds  per  square  foot ;  and  w^ould  plough  up 
the  new  fallen  snow  to  heap  it  in  huge  drifts  beyond  the  cast  end  of  the 
pass.  About  thirty  feet  from  our  windows  was  a  large  warehouse;  this 
was  often  hidden  completely  by  the  furious  torrent  of  almost  solid  snow 
that  swept  thi-ough  the  gorge.  On  the  cliff  above,  the  cedar  trees  a:e 
deeply  cut,  many  branches  of  the  thickness  of  a  man's  wrist  being  taken  oft' 
entirely  by  the  drifting  snow-fiakes. 

No  one  can  face  these  storms  when  they  are  in  earnest.  Thr^e  of  our 
party  came  through  the  pass  one  evening,  walking  with  the  storm — two 
got  in  safely.  After  waiting  a  while,  just  as  we  were  starting  out  to 
look  up  the  third,  he  came  in  exhausted.  In  a  short,  straight  path  be- 
tween two  walls  of  rock,  he  had  lost  his  way  and  thought  his  last  hour 
had  come. 

Road-breaking. — Of  course  these  storms  make  the  road  impassable 
even  for  sleighs.  They  are  opened  by  gangs  of  men  kept  there  for  the 
purpose  with  heavj^  ox  sleds.  The  snow  when  new  fallen  is  very  light, 
so  that  a  man  without  snow-shoes  would  sink  to  his  waist  or  shoulders. 
Into  this  the  oxen  would  flounder,  and  when  they  lay  down,  worn  out, 
be  roused  by  the  summary  process  of  twisting  their  tails.  I  saw  three  in 
one  team  so  fortunate  as  to  have  had  theirs  twisted  clear  off,  none  left  to 
be  bothered  with.  The  men  were  as  regardless  of  themselves  as  of  their 
animals.  They  took  life  easily  in  fine  weather,  but  were  out  nearly  all 
the  time  when  it  stormed.  Late  at  night  they  could  be  seen  shovelling 
on  a  bad  drift  at  the  corner  of  the  warehouse,  where  the  wind  heaped  in 
the  snow  foster  than  they  could  dig  it  out,  and  then  a  denser  mass  of 
flying  snow  would  hide  them  altogether. 

Sno7c-i^hoes. — We  started  with  Canadian  snow-shoes,  but  soon  aban- 
doned them  for  the  Norwegian,  each  a  strip  of  light  wood  ten  to  twelve 
feet  long,  four  inches  wide,*and  an  inch  an  1  a  quarter  thick  in  the  centre  ; 
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tl  ey  taper  in  thickness  towards  tlie  end,  are  turned  up  in  fr  int,  and 
grooved  on  tlie  bottom. 

There  is  a  broad  strap  in  the  middle  to  put  the  foot  under,  and  a 
balancing-pole  to  steady,  push,  and  brake  with.  The  latter  will  be  seen 
all-important,  as  a  speed  of  twenty-five  to  thirty  miles  an  hour  is  often 
attained  on  a  steep  hill  side.  During  several  winters  the  mails  were 
carried  across  the  mountains  by  a  Norwegian  named  Thompson,  on  these 
shoes.     It  is  said  he  made  sometimes  forty  or  fifty  miles  a  day  on  them. 

Snoic-sUdes. — Snow-slides  or  avalanches  were  frequent.  The  storm 
winds  being  always  from  the  south-west,  form  drifts  or  snow-wreaths  on 
the  north-east  crests  of  hills.  When  these  become  too  heavy,  which  is 
generally  towards  the  close  of  the  storms,  they  break  off,  and  in  falling 
start  the  loose  snow  below.  This  slides  on  the  old  crust.  I  never  knew 
of  a  slide  from  the  ground. 

Near  the  close  of  one  stcrm,  a  log-house  with  board  roof,  containing 
three  Scotchmen,  brothers,  and  sub-contractors  with  their  gang,  some 
fifteen  or  sixtten  men  in  all,  was  crushed  and  buried  up  at  day-break. 
The  storm  ended  at  noon  Towards  evening,  a  man  coming  up  the  road 
missed  the  house  and  alarmed  the  camp,  so  that  by  six  o'clock  the  men 
were  dug  out.  The  bulk  of  the  slide  had  passed  over  and  piled  itself  up 
be3'ond  the  house,  so  that  it  was  only  covered  fifteen  feet  deep.  Only 
three  were  killed  ;  tire  bunks  were  close  to  the  log  walls  and  kept  the 
rest  from  being  crushed.  The  snow  packed  around  the  men  so  close'y 
that  only  two  could  move  about ;  they-  had  almost  dug  their  way  out ; 
over  the  heads  of  the  rest  little  holes  had  been  melted  in  the  snow  by 
their  breath.  Most  of  them  were  conscious,  and,  strange  to  say,  the  time 
had  passed  rapidly  with  them,  although  about  fourteen  hours  under  the 
snow. 

This  event  startled  us,  for  at  the  top  of  the  clift",  in  front  of  the  camp, 
was  a  snow-wreath  forty  or  fifty  feet  long,  projecting  twenty  feet,  and  of 
about  the  same  thickness.  We  were  uncertain  when  it  would  come 
down  and  where  it  would  stop.  A  keg  of  powder  was  put  down  behind 
it  next  morning  and  fired.  A  wlite  column  shot  up  a  hundred  feet,  and 
then  the  whole  hill-side  below  was  in  motion;  it  came  down  a  frozen  cas- 
cade, covered  with  glittering  snow-dust  for  sj^ray.  It  was  a  rare  sight,  for 
snow-slides  are  so  rapid  and  noiseless  that  comparatively  few  are  seen. 
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The}'  were  so  frecjuciit  across  the  trail  leading  to  tunnel  No.  9,  that  it 
had  to  be  abandoned  for  some  months.  At  tunnel  10,  some  fifteen  or 
twenty  Chinamen  wore  killed  by  a  slide  about  this  time.  The  year  be- 
fore, two  road  repairers  had  been  killed,  and  bui'ied  too,  b}''  a  slide,  as 
their  bodies  were  not  found  until  spring. 

The  name  given  to  pass,  peak,  and  lake,  is  itself  the  record  of  a 
tragedy.  In  the  fall  of  184G,  the  Donner  party  of  emigrants  from  the 
East  delayed  crossing  until  too  late.  Nearly  all  died  of  starvation  ;  the 
few  survivors  had  pi'olonged  their  lives  by  cannibalism. 

Sdoic-tunnels. — Before  the  snow  had  acquired  depth  enough  to  interfere 
much  with  the  work,  the  headings  were  all  started.  The  cuts  at  their 
entrances  soon  filled  up  with  snow,  but  drifts  were  run  through  them,  in 
some  instances  large  enough  for  a  two-horse  team.  Through  these  snow- 
tunnels,  whose  lengtlis  varied  from  50  to  200  feet,  the  material  excavated 
was  hauled  in  carts  or  on  sleds  to  the  waste  banks.  These  snow-tunnels 
kept  settling  at  the  crown,  so  that  they  had  to  be  enlarged  from  time  to 
time,  otherwise  thej^  were  perfectly  satisfactory. 

The  most  remarkable  snow-tunnel  was  made  to  connect  the  two  ends 
of  tunnel  8.  The  spur  through  which  this  is  made  terminates  in  a  ver- 
tical bluff  of  granite  a  hundred  feet  high.  To  get  around  it  during  the 
fall,  a  rope  was  fastened  to  the  rocks  at  a  point  where  there  was  a  steep 
descent  of  thirty  or  forty  feet.  During  the  early  part  of  winter  a  snow- 
drift formed  on  the  fixce  of  this  bluff,  descending  in  a  steep  slojje  from  its 
top  to  the  wagon  road,  two  hundred  feet  below.  On  this  slope  a  trail 
was  cut  and  used  for  a  month  or  two. 

Later  in  tlie  winter,  when  the  accumulation  of  snow  made  it  practica- 
ble, a  snow-tunnel  was  excavated  through  the  drift,  and  around  the 
face  of  the  bluff.  Windows  were  made  at  short  intervals  for  light,  and 
to  throw  the  material  out  in  excavating,  and  s'.cps  cut  where  a  descent 
was  necessary.  One  flight  of  these  led  down  to  the  blacksmith's  shop, 
buried  still  deeper  in  the  snow,  while  the  main  passage  led  into  one 
already  excavated  at  the  east  end  of  tunnel  8.  The  snow  kept  settling 
down  hill  and  away  from  the  bluff,  so  tliat  there  was  an  open  space  of 
three  or  four  feet  between  it  and  the  rock  towards  the  close,  which  was 
far  from  inspiring  much  confidence  in  the  route. 

Between  tunnels  7  and  8  there  is  a  deep  ravine,  in  crossing  which  the 
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road  has  a  4x5-feet  box  culvert,  and  a  retaining  wall  on  the  lower  side 
of  75  feet  extreme  height.  The  foundation  was  begun  in  fall,  but 
stopped  by  winter,  and  the  ravine  tilled  with  snow.  Next  spring  a  snow- 
tunnel  was  commenced  about  two  hundred  feet  down  the  ravine,  and  run 
in  to  strike  the  unfinished  foundation.  Smaller  tunnels  were  run  to 
quarry  stone  got  out  in  fall,  and  a  cave  dug  over  the  foundation  large 
enough  to  work  in.  The  culvert  was  built,  and  b}'  the  time  it  was 
finished  the  doi)th  of  snow  overhead  had  decreased  to  twenty-iive  or 
thirty  feet;  this  was  excavated  by  a  stream  of  wat  r,  and  tlie  retaining 
wall  commenced. 

Saoic-ai'.s  — In  spring,  when  the  road  has  b3gun  to  be  bare,  so  that 
sleighs  can  no  longer  be  used,  there  are  very  heavy  banks  of  snow  to  cut 
through  to  make  the  road  passable  for  wagons. 

In  June  I  measured  one  of  these  cuts  through  the  end  of  a  snow-slide, 
and  found  it  twenty-five  feet  deep.  A  week  later  the  road  was  dusty  in 
the  centre,  but  the  snow  banks  were  not  all  gone  until  July,  so  that  we 
had  at  that  place  the  strange  spectacle  of  sprinkling-wagons  watering  a 
road  between  two  walls  of  solid  snow. 

Alignment. — As  soon  as  each  heading  became  sufficiently  advanced,  the 
centre  line  was  secured,  generally  by  small  holes  drilled  in  the  roof,  with 
wooden  plugs  and  tacks.  These  points  were  placed  as  far  apart  as  length 
excavated  would  permit,  and  fi-om  them  the  line  produced  as  the  work 
advanced.  In  most  cases  the  entrances  were  afterwards  so  blocked  up 
with  snow  that  it  was  impossible  to  recur  to  the  line  outside,  and  the 
tunnels  were  completed  from  the  points  first  put  in. 

In  running  lines  outside  during  the  winter,  it  was  generally  necessary 
to  make  deep  cuts,  and  sometimes  tunnels,  through  the  snow,  to  get  at 
the  original  transit  points. 

Most  of  the  tunnels  are  on  curves.  No.  13  being  on  one  of  573  feet 
radius,  with  87  degrees  of  curvature  inside  the  tunnel.  In  this,  as  in  No. 
11,  the  usual  difiiculties  of  working  with  instruments  by  candle-light 
were  much  increased  by  tiie  numerous  temporaxy  timbers  in  the  head- 
ings. The  lines  met  in  the  centre  of  the  tunnel,  parallel  to  each  other, 
but  two  inches  apart  In  the  other  cases  the  discrepancies  were  too 
slight  to  notice. 
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Dimensions. — Most  of  the  work  was  through  solid  rock,  which  did  not 
require  lining,  and  the  following  dimensions  were  adopted :  Bottom,  a 
rectangle,  16x11  feet;  arch,  a  semi-circle,  16  feet  in  diameter;  grade  at 
centra  of  tie,  and  one  foot  three  inches  above  sub-grade. 

Tunnel  11  was  partly,  and  tunnel  13  wholly,  lined  with  timber  in  the 
following  manner:  12 'xl2"  sills  were  placed  on  each  side,  and  posts 
12  'xl6"  morticed  into  them.  The  latter  support  arches,  each  composed  of 
three  thicknesses  of  5"xl2"  plank,  breaking  joints,  and  bolted  with  |-inch 
iron  bolts,  thus  making  a  solid  arch  of  180  square  inches  sectional  area. 
The  distance  from  centre  to  centre  of  arches  varies  from  one  and  a  half 
feet  to  five  feet,  according  to  material.  Over  the  arches,  and,  where  the 
material  required  it,  on  the  sides  also,  split  lagging  about  two  and  a  half 
inches  thick  was  put  in.  The  width  at  sub-grade  inside  of  posts  is  seven- 
teen feet ;  at  springing  line  inside  of  arches,  nineteen  feet ;  giving  a 
batter  of  one  foot  on  each  side.  Height  of  crown  above  grade,  nineteen 
feet  nine  inches,  thus  leaving  room  for  masonry  inside  the  temporary 
wooden  lining. 

Tunnels  1  and  2  were  lined  in  a  similar  manner,  except  that  the 
batter  of  side  posts  was  only  six  inches. 

In  these  tunnels,  through  soft  material,  the  heading  was  supported  by 
temporary  timbers.  Chambers  were  then  excavated  at  the  sides  to 
below  sub-grade,  for  the  sills,  and  the  central  core  left  to  support  the 
shoi'es  which  held  the  material  above  in  place.  As  the  timbering  ad- 
vanced, the  core  and  false  work  were  removed. 

In  tunnel  No.  12,  a  short  distance  in  the  centre  was  found  to  be 
decomposed  granite,  and  after  the  tunnel  was  excavated  a  light  set  of 
timbers  was  put  in.  They  consisted  of  arches,  each  composed  of  seven 
pieces  of  lOxlO-inch  timber,  with  side-posts  and  sills  similar  to  those 
already  described. 

In  all  the  tunnels  on  curves,  allowance  was  made  for  elevation  of  outer 
rail,  so  that  top  of  cars  would  remain  in  centre  of  opening. 

Laborers. — With  the  exception  of  a  few  white  men  at  the  west  end  of 
tunnel  No.  6,  the  laboring  force  was  entirely  composed  of  Chinamen, 
with  white  foremen — the  laborers  working  usually  in  tlu-ee  shifts  of  eight 
hours  each,  and  the  foremen  in  two  shifts  of  twelve  hours  each.  A 
single  foreman,  with  a  gang  of  thirty  to  forty  men,  generally  constituted 


ir,i 

the  force  at  work  at  each  end  of  a  tunnel ;  of  these,  twelve  to  fifteen 
worked  on  the  heading,  and  the  rest  on  bottom,  removing  material,  etc. 

When  a  gang  was  small,  or  the  men  needed  elsewhere,  the  bottoms 
were  worked  with  fewer  men,  or  stopped  so  as  to  keep  the  headings 
going. 

The  Chinamen  were  as  steady,  hard-working  a  set  of  men  as  could  be 
found.  They  were  paid  from  $30  to  $35,  in  gold,  a  month,  finding 
themselves,  while  the  white  men  were  paid  about  the  same,  but 
with  their  board  thrown  in.  The  force  at  work  on  the  road  probably 
averaged  from  six  to  ten  thousand,  nine-tenths  of  them  being  Chinamen. 

Frojress. — Records  were  kept  of  weekly  progress,  and  number  of 
working  days  in  tunnels  3  to  13  inclusive,  from  which  the  accompanying 
table,  Appendix  A,  is  principally  taken.  The  headings  were  worked 
steadily  until  they  were  through  ;  the  force  was  then  crowded  on  the 
bottoms,  which  had,  by  that  time,  fallen  behindhand.  The  progress 
made  on  them,  under  these  circumstances,  is  shown  in  the  last  column. 

Cost,  etc. — An  approximate  estimate  of  cost  of  excavation  of  tunnel 
No.  G  is  given  in  Appendix  D,  showing  it  to  have  been  about  $14.80,  gold, 
per  cubic  yard  with  powder,  and  $10  with  nitro-glycerine. 

Tunnel  No.  G. — This,  the  longest  tunnel  of  the  road,  is  parallel  to 
and  about  four  hundred  feet  north  of  Donner  Pass.  Its  length  is  1,G59 
feet,  and  greatest  depth  below  the  surfiice,  124  feet,  measuring  from 
grade.  The  material  is  granite,  of  a  medium  quality,  crossed  by  seams 
in  every  direction. 

To  expedite  the  work  a  shaft  was  sunk  about  the  middle  of  the 
tunnel,  its  dimensions  being  8x12x72.9  feet. 

Work  was  commenced  on  the  shaft  August  27th,  and  for  the  first 
thirtj'^  feet  it  was  sunk  at  the  rate  of  a  foot  a  day,  after  which  its  pro- 
gress slackened,  from  delay  in  hoisting  the  material  with  a  common  hand 
derrick. 

Meanwhile  a  house  was  being  built  over  ^the  shaft,  and  the  hoisting 
engine  was  put  up.  The  latter  consisted  of  an  old  locomotive,  the  Sacra- 
mento, and,  by  an  interesting  coincidence,  the  first  engine  run  in  the  State. 
This  was  geared  to  a  drum  six  feet  in  diameter.  The  house  was  fifty  feet 
square,  containing,  in  addition  to  the  hoistingapparatus.  forges,  fuel,  tamp- 
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i:ig',  etc.,  so  that  when  snowed  in,  these  articles  would  be  close  at  band. 
The  shaft  was  divided  by  planking  into  two  compartments,  each  five  feet 
square;  over  these  were  two  "jiggers"  or  transfer  tables.  The  buckets 
were  first  of  wood,  then  two  additional  ones  were  made  of  boiler  plate, 
four  feet  nine  inches  square  by  two  feet  six  inches  high,  outside  dimen- 
sions, and  fitted  for  side  dumping.  They  were  loaded  at  the  face  of  the 
work-below,  run  on  trucks  to  the  bottom  of  the  shaft,  hoisted  and  trans- 
ferred to  other  trucks  to  run  out  on  the  waste  bank. 

Total  days'  work  on  shaft,  85 ;  average  progress,  0.85  feet  in  twentj^- 
four  hours.  Nitro-glycerine  had  not  yet  been  introduced ;  with  it  the 
progress  would  probably  have  averaged  1.5  feet. 

Nltiv-Glyceriite. — This  was  introduced  on  the  work  early  in  1867,  to 
expedite  progress  of  the  summit  tunnel.  It  was  made  on  the  spot  b}^ 
Mr.  James  Ilowden,  and  used  in  the  four  headings  of  tunnel  2so.  6  from 
Feb.  9th,  and  to  some  extent  in  tunnel  No.  8,  but  not  enough  to  give 
data  for  comparison.  After  the  headings  of  these  tunnels  were  through, 
it  was  used  in  the  bottoms. 

In  tlie  headings  of  summit  tunnel  the  average  daily  progress  with 
powder  was  1.18  feet  per  day,  with  nitro-gh-cerine,  1.82  feet,  or  over  54 
per  cent,  additional  progress. 

In  bottom  of  sunnnit  tunnel,  average  daily  progress  with  powder, 
full  gangs,  was  2.51  feet;  with  nitro-glycerine,  4.38,  or  over  74  per  cent, 
in  favor  of  nitro-glycerine.  The  same  number  of  men  were  used  with 
both  explosives. 

The  additional  progress  in  l*eading  was  due,  principall}',  to  the  use  of 
one  and  a  quarter  inch  drills  instead  of  two  and  a  half  inch,  as  required 
by  powder. 

In  the  bottoms  the  difference  was  principally  due  to  fewer  holes  being 
i-e(piired,  and  to  the  granite  being  broken  into  small  pieces  that  seldom 
needed  new  holes  to  split  them  on.  In  both  headings  and  bottoms  less 
time  was  found  to  be  required  to  clear  the  tunnels  of  smoke  with  nitro- 
gl^cerine  than  powder. 

The  cost  of  nitro-glycerine  made  at  Donner  Pass,  according  to  Mr. 
llowdcn,  was  about  75  cents  per  lb. 

It  was  considered  tlieie  to  be  about  eight  times  as  powerful  as  the 
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same  \voij;lit  of  powder,  wliicli  would  make  it  tlie  clieapest,  viewed 
simpl}'  as  to  expense  of  producing  a  given  effect. 

Wherever  practicable,  I  have  no  doubt  that  it  is  safest  to  manufacture 
nitro-glyccrine  on  the  site  where  it  is  to  be  used,  and  from  day  to  daj'  as 
required.  At  Donner  Pass  I  only  recollect  two  accidents,  and  those 
would  have  happened  with  powder. 

The  conclusion  we  may  safely  come  to,  from  the  Central  Pacific  work, 
is,  that  in  hard  rock  tunnels,  with  the  same  immber  of  men,  over  fifty  per 
cent,  additional  progress  can  be  made  by  using  nitro-glycerine  in  place 
of  powder,  and  the  expense  will  be  reduced  proportionately. 

Since  papers  have  been  read  before  this  Society  on  the  subject  b)^ 
Messrs.  Xortli  and  Chester,  it  is  unnecessar}'  to  speak  of  the  details  of 
manufacture  and  use  of  this  agent. 

Tannels  of  the  Union  Pdcific  Railroad. — A  detailed  list  of  these  tun- 
nels will  be  found  in  Appendix  F. 

Tunnel  No.  1  is  on  St.  Mai'y's  Creek,  about  G80  miles  west  from 
Omaha,  and  12  miles  east  of  second  crossing  of  North  Platte  River.  It 
was  commenced  April  oOth,  18G8,  and  continued  from  each  end  until 
June  8th.  At  that  time  the  two  headings  were  in  86  and  87  feet  respec- 
tively, the  progress  having  averaged  2.22  feet  per  day.  A  soft  spot  was 
then  found  in  the  west  end,  and  there  being  no  means  of  lining  with- 
out delay,  the  open  cut  was  extended  to  cover  the  place,  and  the  length 
of  tunnel  reduced  to  215  feet. 

This  delayed  the  work,  so  that  a  temporary  track  had  to  be  built 
around  it. 

Tunnel  No.  2  is  at  the  head  of  Echo  Canon,  in  Utah,  about  972 
miles  from  Omaha.  Its  length  is  772.3  feet,  being  the  longest  of  the 
Union  Pacific.  The  approaches  were  started  in  July,  1868;  they  are 
heavy  ciTts  through  clay.  Rock  was  struck  about  the  end  of  August, 
and  found  to  be  like  the  prevailing  formation  in  the  vicinity,  an  in- 
durated clay,  with  occasional  streaks  of  soft  sandstone.  Most  of  it 
drilled  very  easily,  but  required  as  much  powder  in  blasting  as  ordi- 
nary rock.  While  damp  it  stood  firm,  but  after  sufBcient  exposure  to 
the  air  to  dry  out  the  moisture,  it  cracked  and  crumbled  like  lime  in 
slacking.  These  qualities  made  the  work  very  expensive ;  rock  prices 
had  to  be  paid,  and  earth  slopes  taken  out. 
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In  starting  tlie  headings  tliey  bad  to  be  supported  the  same  day 
tlic  excavation  was  made ;  hut  on  getting  fairly  in,  the  roof  would  stand 
well  a  week  or  two. 

There  was  an  irregular  streak  of  blue  sandstone  which  ran  com- 
pletely through  the  tunnel  near  the  springing  line. 

The  headings  were  started  at  the  west  end  August  29th,  and  at  the 
east  end  September  5th  ;  they  met  January  30th,  1869.  The  tunnel  was 
finished  April  3d,  1809. 

When  work  was  commenced  on  the  tunnel  the  track  was  still  three 
liundred  miles  east,  and  all  the  available  transportation  required  to  haul 
tools,  materials,  and  provisions  over  this  gap ;  it  was  useless  even  to 
think  of  getting  cement  in  time.  There  was  no  suitable  stone  near  the 
work,  and  the  clay  had  too  much  lime  to  make  brick.  On  these  accounts 
the  tunnel  had  to  be  lined  with  timber. 

"While  waiting  for  the  latter  to  be  sawed,  the  headings  were  secured 
temporarily  by  bents  framed  as  shown  on  Plate  2. 

The  permanent  timbers  consist  of  arches  placed  four  feet  apart,  cei.tre 
to  centre,  and  similar  to  those  already  described  on  the  Central  Pacific 
Railroad.     (See  Plate  2.) 

They  differed  from  those  of  the  Central  Pacific  in  having  a  longi- 
tudinal stringer  on  each  side  at  the  springing  line.  This  guards  against 
the  effects  of  unequal  lateral  pressure,  and  enabled  the  excavation  to  be 
taken  out  more  economically.  Instead  of  chambering  to  sub-grade  and 
building  up  from  the  bottom  sill,  the  chambers  were  cut  only  to  the 
springing  line,  the  stringers  laid,  and  the  arches  raised  and  lagged.  The 
bottom  was  then  taken  up,  leaving  a  bench  to  support  stringers.  When 
the  bottom  was  all  out,  the  stringers  were  under-pinned,  the  benches  cut 
awaj^,  and  the  lower  timbers  put  in. 

The  roof  was  lagged  throughout ;  the  sides,  for  about  two  hundred  feet 
at  each  end,  and  the  remainder  left  to  be  finished  after  the  track  was 
laid.  For  lagging,  round  and  split  poles  were  first  used,  but  afterwards 
two  and  a  half  inch  plank. 

The  excavation  of  the  tuimel  was  let  by  contract  to  IMiller  &  Patter- 
son ;  their  expenses  in  timbering  were  paid  as  extra  work.  The  detailed 
cost  is  given  in  Appendix  F.  The  excavation  required  two  pounds 
powder  and  two  and  seven-tenths  feet  fuze  per  cubic  yard.  The  heavy 
work  on  each  side  of  the  tunnel  was  not  ready  for  the  track,  and  a  tern- 
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porary  line  of  eight  miles  in  length  was  built  around  it  This  line  started 
about  a  mile  west  of  Wahsatch — .descended  into  the  cauon  by  two  Ys,  and 
followed  the  main  ravine  to  near  Castle  Rock  station,  where  it  regained 
the  main  line.     The  latter  was  finished  May  25,  1869, 

Tunnels  Xos.  3  and  4.  These  are  in  the  "Weber  Canon,  Utah,  three- 
quarters  of  a  mile  apart,  and  about  one  thousand  and  five  miles  west  from 
Omaha. 

They  were  started  under  the  direction  of  Thomas  11.  Bates,  Division 
Engineer.  When  about  one-third  done,  he  was  relieved  by  E.  P.  North, 
to  whom  I  am  indebted  for  tlie  details  of  their  construction.  In  January, 
18G9,  it  was  feared  these  tunnels  would  not  be  through  in  time  for  the 
track,  and  Mr.  North  was  directed  to  run  temporary  lines  around  them. 
Instead  of  that,  he  suggested  hastening  the  work  by  using  nitro-glycerine ; 
which  was  done  with  \erj  satisfiictory  results,  as  will  be  seen. 

Tunnel  No.  3.— This  tunnel  is  through  a  sharp  spur  of  black  limestone 
and  dark  blue  quartzite,  two  hundred  and  sixty-six  feet  of  the  former 
and  two  hundred  and  forty-two  feet  of  the  latter,  total  length  five  hun- 
dred and  eight  feet,  on  a  3  deg.  30  min.  curve  to  the  left.  The  headings 
were  connnenced  about  September  1,  18G8,  and  met  April  4,  18G9.  Until 
December  27th  the  work  was  part  of  Brigham  Young's  contract,  and  sub- 
let to  Sharp  and  Young.  It  was  then  carried  on  as  company  work,  and 
let  to  Daniel  McGce,  a  "  Gentile,"  February  9th.  Not  being  finished  in 
time  for  the  rails,  a  temporary  track  was  built  around  it,  partly  on  a  22 
deg.  curve,  two  hundred  and  sixty  feet  radius,  around  which  trains  of 
twenty-three  cars  were  taken. 

Nitro-glycerine  was  fairl}'  introduced  into  the  tunnel  by  February 
23d.  About  twenty  per  cent,  of  the  tunnel  men  struck  on  account  of  its 
use,  and  were  not  replaced  as  two  shifts  on  the  bottoms  were  found 
enough  to  keep  them  up  with  the  headings,  notwithstanding  the  addi- 
tional progress  they  too  were  making;  three  shifts  had  been  required 
with  powder.  The  progress  of  this  tunnel,  under  various  circumstances, 
is  given  in  Appendix  E.  It  will  be  seen  that,  after  allowing  fur  the 
smaller  force  employed,  about  twice  as  much  work  was  done  per  man, 
with  nitro-glycerine  as  with  powder.  The  use  of  nitro-glj'Cerine  in 
tunnel  No.  3  saved  the  Company  nearly  ^40,000. 

Tunnel  No.  4. — Length  two  hundred  and  ninety-seven  feet ;  alignment 
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4  (leg.  to  left ;  matei  iul,  quartzito,  similar  to  that  in  tunnel  No.  ?,.  Head- 
ings were  commenced  about  September  10,  18GS,  and  tunnel  finished 
January  29th  ;  nitro-glycerine  was  used  to  take  up  the  last  one  hundred 
and  eighty  feet  of  bottom,  wliich  it  did  in  eleven  days ;  making  the  re- 
markable progress  of  8.18  feet  per  day  from  each  end.  In  tunnel  No.  4, 
one  thousand  nino  hundred  and  sixt}'  cubic  yards  were  taken  out  with 
powder,  requiring  two  hundred  and  eighty-nine  kegs  and  seven  thousand 
feet  of  fuze,  or  three  seven-tenths  pounds  powder  and  three  six-tenths 
feet  fuze  per  cubic  yard. 

Comparison  hefween  the  tico  roads. — The  total  length  of  tunnelling  on  the 
Central  Pacific  is  six  thousand  two  hundred  and  thirteen  feet,  on  the 
Union  one  thousand  seven  hundred  and  ninety  two.  The  cross  sections 
of  tunnels  on  the  two  roads  are  practically  identical. 

The  circumstances  and  materials  varied  too  much  to  make  an  accurate 
comparison  of  progress  in  tunnels  of  the  two  roads.  The  greatest  average 
daily  progress  of  heading  on  the  Central  Pacific,  through  granite  with 
nitro-gl}cerine,  was  3.29  feet.  On  the  Union  Pacific,  through  quartzite 
about  as  hard  as  granite,  4  62  feet.  Each  road  has  done  over  eight  feet 
per  da}^  at  a  single  face  in  taking  up  bottom. 

The  laborers  on  the  Central  Pacific  were  mostly  Chinamen,  paid  f^30 
to  ^35  gold  per  month,  working  three  shifts  per  day  in  tunnels,  and 
twelve  to  fifteen  men  in  a  heading.  On  the  Union  Pacific  the  laborers 
were  white  men,  paid  .^3  to  .$4  per  day  currency,  generally  working  two 
shifts  per  day,  and  eight  to  twelve  men  in  a  heading  on  tunnels  1  and  2, 
and  three  shifts  of  fourteen  to  sixteen  on  tunnels  3  and  4. 

The  Central  Pacific  Railroad  was  built  under  the  direction  of  S.  S. 
jMontague,  Chief  Engineer.  The  location  and  construction  across  the 
Sierra  Nevada  were  in  charge  of  L.  M.  Clements,  Resident  Engineer.  The 
account  of  tunnels  on  that  work  is  principally  compiled  from  a  report  on 
the  subject  written  for  the  latter  by  the  author,  while  engaged  on  tun- 
nels G  to  13  of  that  work. 

The  Union  Pacific  Railroad  was  built,  and  its  location  revised,  under 
the  direction  of  S.  B.  Reed,  Engineeer  and  Superintendent  of  Con- 
struction. The  accounts  of  tunnels  1  and  2  are  from  personal  observa- 
tion, and  of  tunnels  3  and  4  from  data  furnished  by  Edward  P.  North, 
Resident  Engineer  of  work  in  Weber  Cafion. 
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Appendix  B. 

Abstract  of  preceduig  Table — Average,  Daily  Progress  in  different  Mate- 
rials.    The  bottom  progress  is  for  full  gangs. 


Material. 

Explosive. 

From  Tlnxels 

Heading. 

Bottom. 

Hard  Trap 

Hard  Granite 

Powder 

Nitro-Glycerine 
Powder 

3  and  4 

5,  6,  7,  8,  9  . . 

G 

10  and  13...  . 

Shaft  in  No.  G 

0.7G 
0.97 
1.82 
2.38 

0.85 

1.53 
2.09 
4.38 

Conglomerate 

Hard  Granite 

4.03 

Appendix  C. 

Snow  Storms  at  Donner  Pass,  California,  Winter  of  1860-61 ,  during  u'Jtich 
most  of  the  preceding  work  was  done. 


Number  of  Storms. 

Depth  of  S.now. 

MON'TH. 

1'  ani  over 

Under  1'. 

Fallen 
during 
Month. 

.\verage 
Depth. 

Maxim-.im  D.'ptb. 

November,  'GG 

December,  '6G 

January,      'G7 

February,   'G7 

March,        'G7 

April,           '07 

May,            "07 

June,           '67 

3 

4 
3 
3 
2 
1 

5 

7 
5 
9 
1 
1 

4    6 

10  lOi 

11  00^ 
10    3i 

4    2J 

3     G 

3 

/     // 
1    0 

5    0 

8    0 

10    0 

12  6 

13  0 
8    6 
3    0 

/     // 

1     6  Nov.  4. 

9    0  Dec.  20. 
10     6  Jan.  24. 
12    8  Feb.  22. 

14  4  Mar.    2. 

15  1  Apr.  13. 
]  1     0  May    1. 

6    OJuue   1. 

Sums  and  means  . , . 

16 

28 

44    75 

7    0^ 

lOD 


Appendix  T>. 


Estimated  Cost  of  Excavation  in  Tunnel  No.  6,  Central  Pacific  Railroad 
(Granite  with  Poicder)  ;  average  progress,  3f)^  per  month. 


Cost  of  each  heading  and  bottom  per  month 

100    men  per  day  (in  3  shifts) at  $31 

2 
3 
3 
3 


foremen;  pay,  $90;  board,  J30 

horses 

blacksmiths;  pay,  $85;  board,  f3(). 
helpers;  pay,  $50;  board,  $30 


40 
150 
400 


kegs  powder 

lbs.  candles 

bushels  charcoal. 


1,500'  fuze. 


Superintendence,  tools,  etc 20  per  cent. 


at  831  00 

!?3,100  00 

"  120  00 

240  00 

"  50  00 

150  00 

"  115  00 

345  00 

"  80  00 

240  00 

"   4  00 

160  00 

40 

60  00 

20 

80  00 

"   3  00 

45  00 

per  cent. 

884  00 

Or  $14.80,  gold,  per  cubic  yard, 
been  about  $10  per  cubic  yard. 


•    $5,304  00 
With  nitro-slvcerine  the  cost  must  have 
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Appendix  E. 

Tunneh  of  Union  Pacific  liailroad. — 5".  B.  Reed,  Eny.  and  Siqtt.  Con 

struct  ion. 


Soft  sandstone 

Clay  rock 

Limestone  and  (juarfzit^^ 
Mormons  with  powder. . . . 
Gentiles  " 

"        with  nit.  gly. .  . 

Qiiaitzite 

Mormous  with  jjowder. . 
"     nit.  gly.. 


1 
gi 

£  ^ 

*  s 

5 

680 

972 

1,005 

1,006 

to 

a 

.2 

S 

O 

•a 
o 

1 

d 

215 

772 
■508 

297 

Straight, 
3°  30'  L 

4°L 

64 
135 
178 

108 

2 
2 
2 

2 

1,792^ 

Average 

Daily 
Progress. 


Head- 
ing. 


4. 

4. 

1.03 
2.70 
4.62 

1.38 


Bit- 
torn. 


6. 
9. 

0.57 
3.17 
4.62 

0.92 
8.18 


Note. — Progress  in  tunnels  1  and  2  is  when  working  full  gangs. 
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Appendix  F. 

EdumUed  Cost  of  Tunnel  No.  2,  Union  Pacijk  Railroad. 

Excavation  of  tunuel— 12,11021-,;  cubic  yards,  at  $11.50 $142,715  57 

Carpenter  work $11,434  20 

Blacksmith 1,711  50 

Teams  baiiling  timber  at  tunnel 2,053  50 

Laborers  on  timbering 17,334  50 

Lights  "  340  10 

Miscellaneous 206  55 


Cost  of  putting  in  timber $33,080  35       33,080  35 


Loading  and  hauling  timber. $18,543  00 

Timber  used  in  tunnel— 301,114  ft.  Bm.,  at  $30    18,246  84 
Iron  in  bolts -8,032  lbs.,  at  20c 1,606  40 


Cost  of  materials   $38,396  24       38,396  24 


Total  cost  of  tunnel §214,192  16 


Cost  of  excavation  to  contractors  : 

Foremen 1,188  days at  S7  00  §S,316  00 

Mechanics  ...   2,640     "    •'     5  00  13,200  00 

Teams 1,C04     "    "10  00  16,040  00 

Laborers 16,846     "    "    3  50  58,961  00 

Powder 1,064  kegs "  10  00  10,640  00 

Fuze 33,200  it "          3J-  1,079  00 

Candles 3,450  lbs "        45  1,552  50 

Lamp  oil 310  gals "    3  50  1,085  00 

Hteel 1,798  lbs "        30  539  40 

Superintendence,  tools,  coal,  buildings,  etc., 

at  20  per  cent 22,282  58 


■ ■ §133,695  48 

Deduct  timbering  expenses  paid  by  Company 31,026  85 


$102,668  63 

Cost  of  work  on  timbering  per  lineal  foot 42  83 

"      materials  for    "        "        "  49  72 
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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 


INCORPORATED    1862 


tea:n^sactioxs. 


EXPERIMENTS  OX  THE  FEOXT  OR  SHIELD  OF  THE 
EXPERIMEXTAL  CASEMATE  AT  FORT  MOXROE. 

A  Paper  read  before  the  Society  Feb.  2,  1870,  by  Bvt.  Major- 
General  J.  G.  Barnakd,  U.  S.  Corps  of  Engineers,  Member 
of  the  Society. 

The  iron  front  or  "  shield  "  of  the  "  experimental  casemate  "  at  Fort 
Monroe,  which  formed  one  of  the  targets  for  the  firings  in  October,  1868, 
is  described  as  follows  : 
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The  shield  was  composed  of  two  12-inch  plates  4  feet  broad,  one  on 
each  side  of  the  embrasure,  each  plate  being  supported  on  the  back  by- 
two  vertical  iron  posts,  12'^  x  15,"  which  were  bolted  to  the  plates  and 
stepped  above  and  below  into  the  granite  masonry. 

A  pair  of  clamps  (2  3"x  I'X  6")  secured  with  double  bolts  to  the  plate 
in  front,  aided  to  hold  the  plates  and  posts  in  juxtaposition.     Below  the 
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embrasure  opening,  and  lapping  8  inches  on  either  plate,  was  a  centre  or 
sill  piece  4  ft.  8  in.  broad  and  G  ft.  1 V^  in.  high,  and  15  in.  thick,  made 
of  two  7^2  in.  plates,  which  were  bolted  at  the  lapping,  to  the  jamb 
pieces ;  and  above  the  embrasure  opening,  was  a  narrow  iron  lintel,  also 
made  of  two  7}4  in.  plates,  and  lapping  on  and  bolted  to  the  jamb  plates 
like  the  sill  piece.  The  whole  shield  presented  a  front  11  feet  broad  and 
12  feet  high. 

The  adequacy  of  the  forged  beams,  or  "  posts,"  as  the  supports  of  the 
shield,  was  doubted  prior  to  the  actual  trial ;  especially  as  the  powder 
charges  of  the  guns  to  be  used  (the  15  in.  smooth  bore  and  12  in.  rifle)  had 
been  increased,  subsequent  to  the  designing  of  the  shield,  from  55  lbs. 
for  each,  to  100  lbs.  for  the  former,  and  70  lbs.  for  the  latter. 

Although  it  is  a  subject  in  which  attempts  at  exact  calculation  must 
be  illusory,  yet  there  are  principles  by  which  a  rude  estimate  of  the 
strains  to  which  such  supports  will  be  subjected  may  be  formed ;  while, 
on  the  other  hand,  the  "  work  "  the  posts  and  superimposed  plates  will  do 
in  bending  up  to  fracture,  may  be  calculated ;  provided,  always,  that  we 
assume  that  iron,  thus  instantaneously  strained  to  fracture,  will  exhibit 
an  equal  extension  of  fibre  as  when  fractured  by  slowly  applied  strains, 
and  moreover  that  the  co-efficient  of  elasticity  remains  constant.  These 
assumptions  we  know,  however,  are  not  sustained  by  facts.  But, 
independently  of  such  calculations,  we  know  that  when  a  massive  body — 
an  iron  turret,  for  example,  or  a  casemate  shield — is  struck  by  a  pro- 
jectile, but  a  very  trifling  amount  of  the  "  work"  in  the  latter  is  avail- 
able to  break  the  supports.  It  is  to  this  fact  that  the  spindles  and 
gearing  of  turrets  owe  their  security.  The  fact  is  readily  accounted  for, 
but  the  precise  degree  of  immunity,  or,  in  other  words,  the  proportion  of 
tlie  "vis  viva"  of  the  projectile  available  to  their  breaking,  can  onlj^  be 
calculated  by  making  assumptions  more  or  less  arbitrary. 

In  the  case  of  the  shield  in  question  it  might  be  estimated  that  not 
more  than  /.;  of  the  work  of  the  projectile  would  be  available  to  break 
the  beams,*  and  that  tlie  "  work  "  of  bending  to  fracture  the  beam  and 


^r-irr^^^^^--^ — ' —     f      ^~~~ — — ^-~^^^^=====^ 

Let  A  OjV  be  a  plate  or  beam  held  at  its  extremities  A  and  A^  and  stnick 
by  a  projoctilc  at  its  middle  point  0. 
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superimposed  plate  would  auiouut  to  something  like  500,000  ft.-lbs.,  on 
the  above  assumjMons. 

The  actual  performance  of  the  beams  may  be  briefly  stated  as  follows  : 
The  first  shot  from  the  15-in.  guu  struck  one  of  the  jamb  plates  opposite 
about  the  middle  of  the  beam  next  on  the  right  of  the  embrasure  (the 
right  as  seen  in  accompanying  sketch).  Anticipating  the  fracture,  the 
gun  was  fired  (at  150  yards)  with  a  450  lb.  cast-iron  projectile  and  a 
reduced  powder  charge  of  37  lbs.  The  shot  struck  with  a  calculated 
velocity  of  884  feet  and  an  energy  of  5,500,000  ft.-lbs.  An  "  indentation  " 
in  the  plate,  14  inches  in  diameter  and  2}^  inches  deep,  was  made,  the 
plate  was  slightly  cracked  and  the  beam  completely  ruptured.  In  this 
case  the  availahle  energy  o{  the  shot  (calculated  per  formula  (1)  of  ap- 
pended note)  was  but  about  183,000  ft.  lbs. 

The  second  shot  was  from  the  rilled  gun,  with  a  G83-lb.  steel  projec- 
tile, and  70  lbs.  of  powder.  It  was  aimed  at  the  middle  of  the  "  centre- 
plate,"  but  hit  towards  the  upper  corner.  It  tore  off  a  piece  of  the  outer 
thickness  of  that  plate,  but  did  little  other  damage. 

Let  P  ;=  weight  of  projectile. 
1'=  its  strikiug  velocity. 
I  =  length  A  A^  of  plate. 
D  =  weight  of  unit  of  length  of  plate. 

I'  =  the  common  velocity  of  the  point  0  of  the  plate  and  of  the  pro- 
jectile after  impact. 

The  pLate  in  bending  would  form  a  curve  A  0  A'  ;  but  it  is  accurate 
enoiigh  for  present  purposes  to  consider  the  lines,  A  0,  A'O,  to  be  straight, 
iu  which  case  the  mean  velocity  of  all  points  of  the  plate  would  be  \  v,  and  the 
equation  of  momentums,  before  and  after  impact,  will  give 

FV=  \  v(Dl  +  2P) 
which  gives,  if  D  lis  so  large  that  2  P  may  be  neglected, 

v  =  2lZ 
Lt 

Any  point,  a,  moves  with  the  velocitv  — u,  or,  substituting  value  of  u, v  ; 

and  the  "work  "  in  the  length  d  x  of  plate  is—- — '-  {     ,  ,  ^    X  ) 

2  g    ^  UL*       J 

Integi-ating  from  x  —  o\.ox=^\l  and  doubling  the  result,  we  get  for  the 
work  imparted  to  the  plate  and  available  in  breaking  it 
(1)  ^       P  V 

'dUl^     2g 

The  second  factor  is  the  striking  energy  (or  "work")  of  the  projectile. 
The  first  is  the  fractional  part  available  as  above.  All  the  rest  of  the  work  of 
the  projectile  is  consumed  in  making  the  indentation,  and  in  effects  generally 
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The  third  shot  was  aimed  at,  and  hit,  the  middle  of  the  "  centre- 
plate."  It  was  a  steel  sphere,  weighing  480  lbs.,  thrown  by  100  lbs. 
of  powder.  It  struck  with  a  calculated  velocity  of  1,392  feet,  and  an 
energy  of  14^  millions  of  foot-lbs.  Its  effects  were  almost  totally 
expended  upon  the  centre-plate,  the  indentation  in  which  was  6  inches 
deep — the  upper  part  of  the  face-plate  was  rent  off",  and  the  back  plate 
was  bulged  5|  inches,  with  radial  lines  of  cracks  nearly  at  right 
angles  to  each  other.  The  shot  did  not  break  up.  The  space 
moved  through  from  first  impact  to  stoppage  was  made  up  of 
the  depth  of  indentation  (6  inches),  and  whatever  yielding  took 
place  in  the  plate  and  shield.  It  could  not  have  exceeded  one  foot. 
Hence  a  mean,  static  pressure  of  14i.,  millions  of  lbs.,  at  least,  must  have 
been  developed.  No  other  posts  were  broken  by  the  shot,  nor  was  the 
fractured  one  sensibly  disturbed. 

The  fourth  shot,  a  chilled  iron  parabolic  headed  projectile,  weighing 
C58  lbs.,  thrown  from  the  same  gun,  with  a  maximum  powder  charge  of 

small  in  comparison,  such  as  vibrations,  splitting  of  plates,  breaking  of  bolts, 
etc.  To  make  application  to  the  shield  we  will  consider  one  post  or  beam 
and  one  half  (in  width)  of  the  superimposed  plate  as  being  called  into  action 
by  the  shock.  The  distance,  I,  is  12  feet,  the  weight  D,  per  unit,  is  1,560  lbs. 
For  the  15-in.  gnu  with  450  lb.  projectile  thrown  by  100  lbs.  of  powder  ;  or 
for  the  12-in.   rifle  with  6S0  lb.   projectile  thrown  by  70  lb.    of  powder,  we 

should  have  for  — ,  14  millions  and  12  millions  of  foot  lbs.  (respectively), 

while  the  co-efficient  or  first  factor  of  (1)  would  be  t/i,  and  -/^  ;  and  the  result- 
ing "available  "  energies  4G6,00l)  i;.  lbs.  and  600,000  ft.  lbs. 

The  work  of  bending  a  rectangular  beam  up  to  rupture  by  a  force  applied 
nt  its  middle  is,  (as  may  be  deduced  from  theoretical  considerations  unneces- 
sary here  to  develop)  -,\-  ab  ^       '  in  which  a  and  h  are  the  sectional  dimen- 

sions.  7?  the  tensile  strength,  and  ii'the  co-efficient  of  elasticity.  Taking  R 
for  average  wrought  iron,  53,000  lbs.  per  sq.  inch,  and  E  at  a  figure,  corre- 
sponding to  near  approach  to  rupture,  1,450,000  lbs.  per  sq.  inch  ;  a  =  12  in., 
h  =  15  in.,  1=  144  in.,  we  should  get  about  250,000  ft.  lbs.  as  the  work  of  the 
beams  up  to  rupture.  Allowing  as  much  more  for  that  of  the  portion  (it  is 
roiighly  assumed  that  that  ludf  of  the  plate  immediately  in  front  of  the  beam 
is  effective)  of  the  superimposed  12-in.  plate,  we  should  have  a  total  of  500,000 
ft.  lbs.  to  oppose  to  the  available  energy  of  the  shot,  already  estimated  at  from 
460,000  to  600,000  ft.  lbs.  With  methods  of  calculation  so  uncertain  a  very 
large  margin  should  be  found  on  the  side  of  safety,  whereas  there  is  here  a 
probable  deficiency.  Moreover,  if  the  iron,  instantaneously  broken,  will  not 
yield  the  expected  work,  the  deficiency  will  be  yet  gi-eater. 
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70  lbs.,  is  calculated  to  have  struck  with  a  velocity  of  1,074  feet,  and  an 
energy  of  about  11,800,000  ft.-lbs. 

The  shot  struck  the  (proper)  left  jamb-plate  midway  between  the  two 
posts,  and  about  midway  from  top  to  bottom.  It  made  an  indentation  9 
inches  deep — threw  off  a  large  fragment  from  the  back  of  the  plate,  and 
broke  both  of  the  posts,  and  fractured  the  plate  nearly  across  the  width. 

Here  the  resistance  of  the  two  posts  and  the  entire  plate  was 
called  into  play  (since  they  were  all  bent  to  rupture),  and  their  potential 
"  work"  should  have  been  about  1,000,000  ft.-lbs. 

The  striking  "energj^of  the  projectile"  (the  initial  velocity  iudi- 
-cated  by  the  chronoscope  was  1,088  feet — less  than  due  to  the  charge  ; 
striking  velocity,  1,074  feet)  was  11,800,000  ft.-lbs.  The  calculated 
available  "  energy  of  the  projectile"  in  this  case  should  have  been  (by 
formula  of  appended  note)  but  about  one-fortieth  the  above,  in  conse- 
quence of  the  inertia  of  the  mass  of  the  two  posts,  and  the  entire 
width  of  the  cheek-plate  being  called  into  plaj',  or  about  300,000  ft.- 
lbs.  ;  yet  not  only  the  two  posts,  but  the  plate  itself,  was  completely 
ruptured. 

In  all  the  above  instances,  though  the  strikivg  energy  of  the  projec- 
tile was  so  enormously  greater  than  the  opposing  energy,  or  "  work," 
which  the  posts  and  plate  could  yield,  yet,  besides  the  indentation  in 
the  plate,  little  more  than  rupturing  the  posts  was  accomplished  in 
any  case ;  and  to  that  extent,  therefore,  there  is  concurrence  of  facts, 
with  theoretical  consideration.s. 

Although  gauge  rods  had  been  placed  behind  the  posts,  as  they  stood 
in  the  target,  to  measure  the  deflection  produced  by  the  shock  of  the 
projectile,  no  satisfactory  observations  were  obtained. 

Hence  it  was  impossible  to  estimate  what  amount  of  resistance  (or 
opposing  ^'-  work")  the  standards  had  really  offered  to  bending  or  break- 
ing. It  was  generally  believed  to  have  been  much  less  than  formula, 
founded  upon  assumed  elastic  extension  of  the  fibres,  would  authorize 
•us  to  assign  them.  Experienced  iron  manufacturers  suggested  that 
the  highly  crystalline  appearance  of  the  surfaces  of  fracture  was  caused 
by  the  instantaneousness  of  the  rupture  ;  others  believed  that  it  was 
common  to  a.l  large  forgings,  and  created  during  the  slow  cooling  from 
welding  heat;  while  still  others  attributed  it  to  bad  workmanship. 

It  was  thought  that  it  would  be  instructive  to  break  one  or  more 


of  these  beams  under  tLe  slow  pressure  of  a  hydraulic  press.  For 
that  purpose  two  were  brought  from  Fort  Monroe  to  the  Brooklyn 
Navy  Yard,  one  of  which  was  the  only  sound  one  remaining  in  the  case- 
mate shield  ;  the  other  came  from  the  "  open  embrasure"  target. 

The  composition  of  the  iron,  and  its  conversion  into  bars  for  forging 
are  thus  described  by  the  manufacturer : 

"The  iron  was  made  of  the  following  brands  of  pig  iron:  Three- 
"  fourths  Lake  Superior  charcoal,  made  by  the  Morgan  Iron  Company. 
"  at  their  old  furnace  near  Marquette,  Michigan.  The  blast,  I  suppose, 
"  ought  to  be  called  warm.  The  intensely  hot  blast  now  in  use  had  not 
"  been  introduced  into  that  region  at  the  time  this  iron  was  purchased, 
"  several  years  ago. 

"  The  other  one-fourth  was  of  anthracite  hot  blast  iron,  made  at  the 
"  Donegal  furnace,  in  the  Juniata  region,  Penn.  I  adopted  this  mixture 
"  of  metals  as  we  found,  after  numerous  trials  of  other  irons,  this  to  be 
"  the  best  for  making  blooms,  of  which  to  make  galvanized  ii'on.  This 
"  requires  a  most  superior  iron,  soft  and  malleable  when  cold.  These 
"  qualities  I  judged  were  most  desirable  for  armor  plating. 
***  ****•)(■** 

"  The  pig  iron  is  converted  into  wrought  iron  by  the  usual  method  of 
"  puddling  or  boiling — from  the  furnace  taken  to  the  squeezers  and 
''  formed  into  a  lump,  and  then  at  the  same  heat  rolled  into  bars  of  three- 
"  quarter  inch  to  one  inch  in  thickness,  and  four,  six,  and  eight  inches 
"  wide. 
■***  ******* 

'•  The  bars  thus  formed  were  foi-ged  together  into  the  beams  under  a 
"  four  ton  moving   cylinder   (Condie)    hammer   falling    five    feet    nine 
"  inches." 
**  *  ******* 

The  diagram  and  table,  pages  187  and  188,  will  give  the  facts  of  the 
first  experiment.     The  following  are  the  deductions  therefrom  : 

.  The  first  recorded  flexure  of  i^  inch  gives  a  calculated  strain  per 
square  inch  of  the  upper  external  fibres  36,792  lbs. ;  an  elongation  of  the 
same  of  .00382  ;  and  a  corresponding  coeflBcient  of  elasticity  of  9,558,600 
lbs.  (for  inch  units). 
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The   seventh  entry  in  the   taVjle  shows  a  flexure  of  one  inch  under  a 
pressure  of  600  tons. 

The  corresponding  tension  of  outer  fibre  is 51,508    lbs. 

"  "  extension  of"        "      " 0.0154    " 

"  «  coefficient  of  elasticity  is 3,334,511  lbs. 

The  last  entry  but  one  shows  a  flexure  of  three  inches  under  a  pres- 
sure of  800  tons,  for  which  we  have  : 

Tension  per  square  inch  of  outer  fibres, 68,450    lbs. 

Extension "         "       0.0463    " 

Corresponding  coefficient  of  elasticity, 1,482,000   " 

The  flexure  of  3)4;  inches  produced  rupture  without  an}-  indication  of 
increased  pressure  ;  and  it  will  be  observed  that  there  are  several  stages 
in  which  the  flexure  thus  increases.  The  press  worked  slowly — was  fre- 
quently stopped  (the  whole  time  of  experiment  being  15  to  20  minutes), 
and  when  stopped  the  pressure  became  relaxed.  On  renewing  it  the 
flexure  increased  before  the  pressure  gauge  regained  its  lost  elevation. 
Time  had,  perhaps,  considerable  to  do  in  producing  so  great  a  flexure  of 
the  iron.  Nevertheless,  the  "  strength  "  of  the  iron  is  ver}^  great ;  and, 
for  so  large  a  beam,  the  extension  of  fibre  is  extraordinary. 

The  "  permanent  set  "  extended  only  15  inches  each  way,  from  the 
place  of  fracture.  j\t  the  limit  of  "set"  the  strain  was  equal  to  what 
would  be  produced  at  the  middle  point  by  a  load  of  400  tons,  multiplied 

38  5  —  15 
by  — ! — ^-  =  242  tons.     Tiiis  weight  is  about   a   mean   between   those 
38.0 

required  to  produce  deflexions  of  one-fourth  and  one-half  an  inch.  It 
corresponds  to  a  strain  on  the  external  fibres  of  41,391  lbs.,  and  an 
elongation  of  .005.  But  a  remarkable  feature  in  the  "  permanent  set  "  is 
exhibited  in  the  cross  section.  The  base  is  permanently  expanded  one- 
half  an  inch,  while  the  top  is  contracted  or  shortened  one-third  of  an 
inch,  by  which  the  section  of  fracture  has  acquired  a  trapezoidal 
figure ;  a  strong  collateral  proof  of  the  ductility  and  toughness  of  the 
iron. 

It  must  be  borne  in  mind,  however,  that  the  above  calculations 
suppose  that,  at  the  same  moment,  the  coefficient  of  elasticity  is  uniform 
throughout  the  beam.  We  see,  however,  that  the  coefficient  rapidly 
diminishes  as  the  extension  increases,  and  hence  it  must  be  very  much 
less  in  the  more  extended  outer  fibres  than  in  those  near  the  neutral 
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axis.  !Moreover^  it  is  probable  that  it  does  not  so  decrease  for  increased 
compression ;  and  lience  the  neutral  axis  will  fall  below  the  middle  of 
the  beam.  This  last  effect  is  indicated,  too,  by  the  change  in  the  section  ;. 
the  area  of  tlie  portion  below  the  middle  line  becoming  about  one 
twenty-fourth  larger  than  that  above  it.  The  above  figures  for  breaking, 
tension  must,  from  all  these  causes,  be  somewhat  too  high. 

On  the  25th  of  May  the  second  beam  was  subjected  to  the  same- 
test.  It  was  manufactured  about  six  months  earlier  than  the  one  first 
described,  but  there  is  no  known  difference  in  the  material  or  process 
of  manufacture.  The  statement,  page  189,  herewith,  will  give  the 
particulars  of  the  experiment.  Though  the  breaking  pressure  proved  to  . 
be  identically  the  same  as  before,  the  flexure  was  but  one  inch  instead  of 
3>|  inches.  That  is  to  say,  the  tensile  strength  was  as  before,  G8,450 
lbs.  per  square  inch ;  but  this  corresponded  to  an  "  elongation"  of  fibre 
but  0  0154,  while  the  coefficient  of  elasticity  was  5,440,000  instead  of 
3,334,511  lbs.,  the  coefficient  furnished  by  a  corresponding  extension  in 
the  first  beam.  No  '- permanent  set"  either  in  figure  or  cross  section 
was  observed.  In  this  case  there  was  no  stoppage  of  the  force  pump,  and. 
the  power  was  applied  as  rapidly  as  possible,  the  rupture  taking  place  in. 
about  2io'  minutes. 

In  all  cases,  whether  the  beams  were  broken  by  the  instantaneous 
shock  of  the  projectile,  or  by  the  comparatively  slowly  applied  pressure  of 
the  press,  the  fracture  was  throughout  highly  crystalline.  I  do  not 
think  that  there  is  any  decided  distinction  between  the  results  of  the 
two  processes.  In  the  last  beam  broken  the  cleavage  surface  of  the 
crystals  was  larger  and  the  fracture  more  ragged  than  in  the  first.. 
Around  the  outer  margins  of  both,  the  fractured  surfaces  were  much 
finer  grained  (approximating  in  the  first  beam  to  the  appearance  of  very 
coarse  sand-paper)  than  at  the  central  portions.  The  largest  cleavage 
surfaces  may  be  one-eighth  to  one-fourth  square  inch  in  area — though 
such  are  rare.  The  second  beam,  more  highly  crystalline  than  the  first,, 
had  less  ductility  (i.  e.,  was  more  brittle),  yet  its  breaking  strain  was  not 
impaired. 

As  the  foregoing  calculations  could  not,  for  the  reasons  stated,  be- 
implicitly  relied  on,  it  was  important  to  determine  the  tensile  strength 
by  direct  experiment.  Two  specimens  were  taken  from  each  of  the 
beams — ^one  of  wliicli  was  heated  and  hammered,  and  drawn  down  to 
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proper  size — the  others  tested  just  as  they  came  from  the  beam.  (These 
last  were  taken  from  the  central  and  most  crystalline  portion  of  the 
foi'gings.)     The  results  are  as  follows  : 

Tensile  Strength 

No.  1.  First  beam,  reworked  specimen 63.413  lbs. 

No.  2.  Second  beam      "  "         67.840    " 

No.  3.  First  beam,  unworked       "         53.953    " 

No.  4.  Second  beam       "  "         57.786    " 

The  fracture  of  No.  1  was  what  is  called  "  fibrous,"  that  is  fine-grained 
and  dark,  when  looked  at  directly,  but  lustrous  under  certain  lights,  and 
what  is  usually  considered  as  indicating  a  superior  iron. 

The  central  part  of  No.  2  (.say  about  one-third)  had  the  same  appear- 
ance as  No.  1,  though  inferior ;  a'l  the  rest,  say  two-thirds  of  the  surface 
was  highly  crystalline,  and  not  finer-grained  than  some  parts  of  the  fracture 
of  the  original  beam. 

Of  No.  3  the  fracture  was  very  similar  to  that  of  No.  1,  though  less 
lustrous. 

The  fracture  of  No.  4  exhibited  over  a  segment  comprising  about  one- 
third  of  the  circular  area,  a  fine-grained  fracture,  but  darker  and  destitute 
of  lustre;  the  rest  of  tie  surface  was  highly  crystalline,  yot  less  coarsely 
grained,  if  there  was  a  difference,  than  the  crystalline  parts  of  No.  3. 

It  is  to  be  observed  that  the  real  tensile  strength  of  the  iron  in  the  beam 
(as  given  in  Nos.  3  and  4)  was  in  one  case  20,  in  the  other  15  per  cent, 
less  than  that  deduced  from  calculation  ;  that  the  process  of  reworking 
gives  about  an  equal  increment  in  the  two  cases.  The  difference  in  the 
two  beams  may  be  owing  to  variations  in  the  character  of  pig-iron  coming 
from  the  same  sources,  or  from  varying  time  and  heat  in  the  forgings. 

The  tensile  strength  exhibited  by  these  beams  was  above  the  average 
for  wrought  iron  in  bars,  while  the  reworked  specimens  are  equal  to  the 
average  of  a  large  number  of  specimens  of  Burden  iron,  and  approach  in 
strength  the  best  irons  known,  as  will  be  seen  from  the  following  figures : 

^lajor  Wade  gives  (1845)  strength  of  different  irons  thus  : 

Paissian  iron  (in  flat  bars) 62,644  lbs.  per.  sq.  inch. 

Eaukes'  (English)      56.532         "  " 

Low  Moor  '•  56.103        "  " 

Bridgewater  (American)  iron 48.488         "  " 

••     49.338         "  '• 
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Salisbury  iron  is  given  by  Prof.  AV.  R.  Johnston 

at 58.009  lbs.  per  sq.  inch. 

And  charcoal  refined  Lake  Superior  at 89.582        "  " 

The  Ordnance  ^lanual  gives  for — 

Bar  iron 57.000  lbs.  per  sq.  inch. 

Salisbury  ii'on 57.000         "  " 

Swedisli  iron 72.000         "  '• 

Kirkaldy  says  :  "  The  breaking  strain  per  sq.  inch  of  wrought  iron  is 
"  generally  stated  to  be  about  25  tons  for  bars  and  2i)  tons  for  plates. 
"  This  corresponds  very  nearl}-  with  the  writer's  experiments,  of  which 
"  the  following  table  presents  a  condensed  summary  : 

Lbs.  Lbs.  Lbs. 

"  188  bars,  rolled highest,  68.848  ;  lowest,  44.584 ;  mean,  57.555 

"    72  angle-iron,  etc "       G3.715;       "       37.909;       "       54.729 

'•167  plates,  lengthways..       '•       62.544;        "       37.474;       '•       50.737 
"160      "       crossways...        "       60.756;       '■       32.450;       '^       46.171." 

The  extension,  especialh'  of  the  first  beam  (one  twentieth,  nearlj-), 
though  far  beneath  that  sometimes  e.xhibited  by  small  rods  or  wires,  is 
very  remarkable,  when  the  dimensions  of  the  forgings  and  the  highlj' 
crj'stalline  structure  of  the  iron  is  considered. 

It  is  highly  probable  that  so  great  extension  of  fibre  as  these  experi- 
ments developed  did  not  take  place  in  the  beams  ruptured  by  the  firings. 
Though  identical  with  the  experimental  beams  in  composition  and  manner 
of  fabric,  not  the  slightest  trace  of  "  set,"  so  strikingly  exhibited  by  the 
first  beam,  could  be  observed  in  them.  That  the  forgings  were  excellent 
may  be  inferred  from  the  absence  of  appearances  of  seams  or  flaws  in  the 
fractures,  and  from  the  rupture  occurring  exactly  at  the  middle  point. 
The  engineers  and  master  mechanics  of  the  Navy  Yard,  and  other  experi- 
enced ojierators  in  iron,  regarded  them  as  "  of  most  excellent  quality  of 
"  workmanship,  having  the  clearest  and  most  solid  appearance  of  any  bars 
"  they  had  seen." 

The  results  show  neither  high  tensile  strength  nor  a  considerable 
ductility  to  be  incompatible  with  the  process  of  "  forging  "  in  large  masses ; 
and  that  iron  of  a  highly  crystalline  structure  (the  usual  result  of  such 
forging)  may  possess  these  qualities;  that,  in  common  with  iron  so  pre- 
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pared  as  to  possess  the  maximum  of  ductility,  it  does  not  exhibit  that 
(juality  to  its  full  extent  when  the  rupturing  shock  is  instantaneous. 

Hence  the  iron  supports  of  shields  should  be  of  such  a  character  (e.  g. 
built-up  beams)  that  the  necessary  yielding  maj-  take  place  by  warping 
rather  then  extension  of  fibre ;  or,  on  the  other  hand,  should  be  such  as  to 
involve  no  extension  whatever — the  target,  by  means  of  arched  backing  or 
something  of  the  kind,  being  made  perfectly  rigid  and  the  shot  made  to 
expend  all  its  work,  instead  of  at  least  nine-tenths  (as  it  inevitably 
must  do)  upon  the  indentation. 

On  the  14tb  of  August  a  beam  of  the  same  dimensions,  cast  vertically, 
from  the  same  pig  irons  in  the  same  proportions,  and  allowed  to  remain 
in*  the  mould  until  thoroughly  cool,  was  broken  in  the  press. 

The  results  were  as  follows  : 

Flexure  \  inch, Pressure,  183  tons. 

"        I     '<      "  276     " 

At  which  flexure  the  beam  broke. 

From  whence  by  calculation  we  should  get  for  a  flexure  oi  \  inch : 

Tension  per  sq.  inch  of  outer  fibres 15.G40  lbs. 

Extension  of  fibre •  •  •  • 00.382    " 

And  for  a  flexure  of  |  inch  : 

Tension  of  outer  fibre  (that  of  rupture) 23.615  lbs. 

Extension  of  fibre 00.53  " 

A  specimen  of  iron  from  this  beam  was  tested  for  tensile  strength  and 
found  to  have  10.067  lbs.  or  about  33  per  cent.  less  than  deduced  above. 

It  was  believed  that  better  results  might  be  obtained,  and  the  iron 
was  remelted  in  a  reverberatory  furnace,  four  and  a  half  hours  being  occu- 
pied in  the  melting,  the  casting  remaining  three  days  in  the  mould. 

This  recast  beam  broke  with  a  pressure  of  384  tons,  with  a  flexure 
of  nf  inch,  which  would  give  a  calculated  tensile  strength  of  32.850  lbs. 
A  specimen  of  the  iron  of  this  beam  was  then  tested  for  tensile  strength  ; 
the  result  was  17,140  lbs.  per  sq.  inch,  or  not  much  over  50  per  cent,  of 
that  which  was  obtained  by  calculation  based  on  transverse  strength. 

A  remark  is  here  necessary  in  explanation  of  preceding  calculations. 

The  Ordnance  Manual,  p.  436,  gives  the  following  expression  (to  be  found 

in  all  works  on  the  strength  of  materials)  for  the  breaking  weight  of  a 

rectangular  beam  supported  at  both  ends  and  loaded  in  the  middle: 

h  (1  * 
tl-=4  >•__ 
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in  which  H'  is  the  required  weight,  I  the  distance  between  the  supports, 
h  and  d  the  horizontal  and  vertical  dimensions  of  the  section.  If  the  law 
of  elasticity  upon  which  the  theory  is  based  held  good,  that  is  if  the 
"co-efficient  of  elasticity  "  remained  constant  for  all  degrees  of  extension 
and  was  identically  the  same  for  compression,  the  co-efficient  S  would  be 
one-sixth  the  tensile  strength  of  the  material.  As  it  is  the  outer  and  upper 
fibres  only  which  are  extended  to  rupture  when  the  beam  gives  waj-, 
we  should  therefore  have,  calling  T  the  tensile  strength  of  those  fibres, 
or  of  the  material, 

More  generally  if  W'  is  any  weight  (less  than  the  breaking  weight  Vf], 
supported  at  the  middle,  and  R  the  tensile  strain  thus  produced  upon  the 
outer  fibres,  we  should  have 

■2  ud' 
It  is  thus  that  I  have  calculated  the  "  tension  of  outer  fibre"  for  diti'erent 
stages  of  the  experiments — there  being,  iu  fact,  no  other  way.  I  have 
already  remarked  upon  the  inaccuracy  of  this  calculation  when  it  is 
applied  to  great  extensions  or  to  strains  approaching  rupture.  In  fact, 
the  assumptions  of  constancy  in  the  coefficient  of  elasticity  and  of  its 
identity  for  compression  and  extension,  however  convenient,  are  well 
known  to  be  in  opposition  to  the  results  of  experiment.  In  Morin's 
Table  (p.  8,  "  Resistance  de  Materiaux"'')  the  coefficient  of  extension 
for  wrought  iron  is,  at  the  state  approaching  rupture,  but  about  .}i  of 
what  it  is  at  the  beginning.*  On  the  other  hand,  the  coefficients 
for  compression  and  extension  are  not  identical.  Hence,  as  the  fibres 
along  the  section  of  rupture  are  in  all  stages  of  extension,  from  a  maxi- 
mum at  the  upper  fibre  down  to  zero  at  the  neutral  axis,  and  thence  have 
inci  casing  degrees  of  compression  to  the  lower  surface,  such  formula  can 
give  but  inaccurate  results.  Nor  can  they  approach  to  much  accuracy 
when  the  coefficient,  S,  as  applied  to  breaking  strains,  is  determined  by 
ex'pei'iments ;  for  the  results  are  extremely  variable,  depending  on  the 
character  of  the  iron  and  the  form  of  the  section.     In  the  three  instances 


*  The  extreme  extension  in  this  Table  does  not  exceed  or  even  equal  that 
which  was  found  for  the  oviter  fibres  of  the  first  beam  broken — viz.,  .0463. 
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given  in  the  Ordnance  Manual  for  "  cast-ii*on,''  S  varies  from  ^'  to 
I""'  the  given  tensile  strength  of  the  material.  In  the  single  case 
given  for  "  bar  iron"  it  is  but  little  over  ^th  of  the  corresponding 
tensile  strength. 

In  the  case  of  the  forged  iron  beams  experimented  upon,  the 
resulting  value  of  S  would  be,  for  the  first  a  little  less,  for  the  second 
a  little  greater,  than  one-fifth  the  strength  which  direct  experiments 
proved  to  belong  to  the  "  unworked  "  iron  of  the  beams. 

In  the  case  of  the  castings,  in  the  first  case  S  would  approxi- 
mate to  V^'j  in  the  second  to  i''  the  real  tensile  strength  of  the 
iron.  In  all  these  cases  the  ratio  of  these  fractions  to  ^"'  is  the 
ratio  by  which  the  calculated  exceed  the  true  tensile  strengths,  as 
afterwards  determined  by  direct  experiment.  The  calculated  "  exten- 
sion of  fibre"  does  not  err,  necessarily,  in  the  same  direction.  It  does 
not,  probably,  exceed  the  real  extension,  and  must,  indeed,  fall  short  of 
it  if  the  neutral  axis,  througli  inequality  in  compression  and  extension, 
is  lower  than  the  assumed  central  position,  as  it  probably  is  in  all  cases 
in  which  S  exceeds  i"'  T. 

The  average  ^"tenacity"  of  cast-iron    gun-metal,  pri(  r   to   1841,    is 

given  at 23,638  per  square  inch. 

Inl851,itwas 37,774    "       "  " 

The  mean  tensile  strength  of  the  iron  of  the  two  10-inch  guns 
which  endured  2,540  rounds  each,  was  26,038  lbs. 

Although  the  cast-iron  of  these  beams  proves  comparatively  weak,  the 
extensibility  of  the  metal  appears  to  be  much  greater  than  that  of  the 
gun-metal  tested  by  General  Rodman  (p.  159,  Experiments  on  Metals, 
etc.). 

The  fracture  of  the  iron  in  the  beam  at  first  cast  exhibited  a  leaden 
gray  color  and  a  crystalline  structure  quite  uniform,  but  quite  as  coarse 
and  apparently  less  close-  than  that  of  Lake  Superior  charcoal  pig-iron  ; 
the  fracture  of  the  re-cast  beam  showed  greater  compactness.  The 
particular  composition  of  iron  used  in  these  beams  appears  to  be  quite 
inferior  as  cast-iron  to  what  it  is  when  wrought. 

Limited  in  scope  as  are  these  experiments,  I  think  they  furnish  pre- 
sumptive evidence  of  the  superiority  of  forged  wrought  iron,  in  large 
masses,  over  cast-iron,  for  ordinary  transversal  strains  and  for  the 
endurance  of  shocks.     The  universal  use  of  wrought  iron  for  shafts  of 
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steamships,  etc.,  is  in  accordance  with  this  conclusion  ;  and  if  such 
observations  as  we  could  make  at  the  firings  furnish  no  proof  that  the 
elastic  forces  of  the  iron  were  fully  called  into  play,  yet  the  subsequent 
experiments  go  to  show  that  neither  the  process  of  forging  nor  the  crys- 
talline structure  which  results  from  it  are  necessarily  destructive  of 
ductility  and  tenacity.  If  it  appears,  indeed,  that  even  the  most  ductile 
and  tenacious  wrought  iron  is,  like  cast-iron,  6ri//'/e  under  the  action  of 
instantaneous  applied  rupturing  strains,  yet  the  presumption  of  superi- 
ority is  certainly  in  favor  of  that  material  which  possesses  the  above 
qualities  in  the  highest  degree. 

The  press,  used  under  the  direction  of  the  able  Xaval  Constructor, 
Mr.  B.  F.  Delano,  was  one  made  in  England,  and  set  up  in  the  Brooklyn 
Navy  Yard,  for  the  purpose  of  bending  armor  plates.  Its  gauge  was 
graduated  to  2,000  tons  (of  2,000  lbs.),  and  the  acccuracy  of  its  indications 
was  thoroughly  tested. 

In  relation  to  forged  iron  in  masses  of  large  dimensions  (such  as 
shafts  of  steam-ships,  rolling-mills,  etc..)  there  is  great  diversity  of 
opinion,  and  little  experimental  knowledge.  That  they  frequently  break 
is  notorious.  If  it  happens  that  a  flaw  in  the  forging  is  found,  as  is  some- 
times the  case,  the  rupture  is  of  course  satisfactorily  explained,  even  if  it 
casts  doubt  upon  the  reliability  of  the  forging  process.  But  quite 
frequently  no  flaw  is  found  (and  the  means  and  processes  are  so  thoroughly 
perfected  at  the  present  day  that  there  is  no  excuse  for  their  occurring), 
while  the  sharply  defined  and  highly  crystalline  fracture,  which  is 
invariably  observed,  is  usually  considered  an  indication  of  dangerous 
brittleness.  The  various  explanations  already  mentioned  as  having  been 
applied  to  the  fracture,  by  gun-shot,  of  the  beams  in  the  target, are  freely 
offered.  Inconsistent  with  each  other,  experimental  observation  is  almost 
wholly  wanting  to  test  their  validity.  Hence  the  experiments  herein, 
recorded,  limited  as  they  are,  may  prove  of  sortie  value. 
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Notes  on  the  Breaking  of  the  Iron  Beams  in  the  Hydraulic 
Press  in  the  Brooklyn  Navy  Yard,  by  Brig.-Gen.  C.  B. 
Reese,  United  States  Corps  of  Engineers. 

The  following  Table  shows  the  flexure  of  the  first  beam  at  different 
pressures : 


Flexure 

Tons 

in 
inches. 

of  2,000  lbs.  ; 
pressure. 

1 

i 

430 

500 

i 

553 

584 

a. 

584 

t? 

597 

1 

599.6 

li- 

G45 

(  Two  small  cracks  noticed  on 

H 

645.8 

}      the  face  of  the  beam,  at  toi3. 

645.8 
661 

(      to  right  of  fulcri;m. 

15 

676 

1! 

676 

U 

692 

HI 
2 

707 
707     . 

. 

91 

738 

2i 

753 

•2i 

769 

—4 

784 

3 

799 

3,^ 

799.8 

Broke  across,  as  shown  in  sketch, 
the  fracture  being  highly  crystal- 
line— the  crystals  being  largest 
in  the  centre. 

ISO 


The  following  Table  shows  the  (loxurc  of  the  second  beam  at  different 
pressures : 


I'lcxurc 

Tons 

in 

pressure 

inches. 

(of  2,000  lbs.) 

i. 

f.ir> 

1 

J. 

707 

a 

7G7 

1  (short 

7'J9 

Broke      across,     as      shown      in 
sketch  ;  the  fracture  being  highly 
crystalline. 

In  this  experiment  the  pressure  was  applied  as  rapidly  as  pos- 
sible, and  the  beam  broke  in  about  2%  minutes  after  commencing 
the   experiment. 

The  breaking  of  the  beam,  on  the  13th  instant,  proljably  occu- 
pied 15  or  20  minutes  at  least. 
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FRANSACTIONS. 


THE  MANUFACTURE  OF  PIG-IEON. 

A  paper  read  before  the  Societ}^  December  1,  18G9,  by  E.  N.  K. 
Talcott,  Civil  Engineer,  Member  of  the  Society. 

Ill  view  of  the  magnitude  of  the  iron  trade,  the  varied  and  important 
uses  of  iron  and  its  absolute  necessity  in  all  engineering  operations,  the 
following  data  in  relation  to  the  manufacture  of  pig-iron  have  been  gath- 
ered with  the  hope  that  they  may  prove  of  interest.  This  paper  pre- 
sents : 

I.  A  brief  statement  of  the  iron  ore  bearing  localities  of  the  United 

States. 

II.  A  brief  statement  in  relation  to  the  production  of  pig-iron  in  the 
United  States. 

III.  The  most  important  improvements  in  the  process  of  its  manufac- 
ture. 

IV.  A  few  general  remarks  bearing  upon  these  points. 

I. — The  Iron  Ore  bearing  Localities  of  the  United  States. 

Iron  ore,  the  sine  qua  non  of  the  iron  master,  is  found  in  great  abun- 
dance in  most  of  the  States,  and  in  many  of  them  in  close  proximity  to 
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coal  and  limestone,  both  of  which  are  also  indispensable.  For  many  years 
Pennsylvania,  New  York,  Ohio,  and  New  Jersey  stood  first  in  its  produc- 
tion, but  of  late,  valuable  deposits  have  been  opened  and  worked  in  other 
places,  and  the  most  recent  discoveries  promise  to  put  these  localities  in 
the  shade.  At  the  present  time,  however,  Pennsylvania  undoubtedly 
stands  pre-eminent  in  the  advantageous  distribution  of  materials — the  im- 
mediate contiguity  of  the  coal,  ore,  and  limestone,  being  such  as  to  reduce 
the  transportation  of  the  i*aw  materials  to  the  minimum.  In  ores  she  is 
especially  rich,  having  the  magnetic  oxide  in  Bucks,  Lehigh,  Lebanon, 
and  Huntingdon  counties ;  red  oxide  in  Montour,  Columbia,  and  Blair 
counties ;  brown  hematite  in  the  Lehigh,  Saucon,  and  adjoining  valleys, 
in  great  abundance ;  fossil  in  Montour,  Columbia,  Union,  Huntingdon, 
Blair,  and  Bedford  counties ;  and  argillaceous  in  Schuylkill,  Lawrence, 
Cambria,  Mercer,  Clarion,  Butler,  and  other  counties.  Her  immense 
coal  deposits,  both  of  anthracite  and  bituminous,  furnish  an  abundance  of 
fuel  for  smelting  these  ores. 

In  New  York  we  also  find  a  great  variety  of  ores.  Along  the  line  of 
the  Harlem  Railroad,  in  Columbia  and  Dutchess  counties,  are  large  deposits 
of  a  superior  quality  of  brown  hematite,  including  the  famous  Salisbury 
ores  on  or  near  the  Hudson  River,  and  in  the  Lake  Champlain  region 
large  veins  of  magnetic  oxide  exist  (the  production  of  the  Lake  Cham- 
plain  region  alone  in  1868,  being  230,000  gross  tons) ;  in  Lawrence,  Jeffer- 
son, and  Oneida  counties,  red  oxide  is  found ;  in  Oneida  and  Ulster  counties, 
fossil  ore,  and  in  St.  Lawrence  county,  bog  ore.  These  ores,  with  the 
exception  of  the  Lake  Champlain  ore,  some  of  which  goes  as  far  west  as 
Pittsburg,  are  mostly  smelted  in  the  furnaces  on  the  Hudson  River  and 
other  localities  within  the  State,  the  fuel  used  being  mostly  anthracite 
coal  from  Pennsylvania. 

In  New  Jersey  magnetic  oxide  occurs  in  large  quantities  in  Morris, 
Sussex,  Passaic,  and  Warren  counties,  the  principal  portion  of  which  is 
exported  to  Pennsylvania  for  mixture  with  their  leaner  oi-es,  the  amount 
so  exported  in  1868  being  360,000  gross  tons.  In  Warren  county  red 
oxide  and  brown  hematite  also  exist,  and  in  Sussex  county,  brown  hema- 
tite, and  bog  ores,  and  frauklinite. 

The  Lake  Superior  region  of  Michigan  produces  specular  ore  and 
magnetic  oxide  in  almost  unlimited  quantities,  mostly  for  exportation. 
The  growth  of  this  locality  has  been  quite  remarkable,  and  as  reliable 
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figures  respecting  it  are  accessible  they  are  appended.     Commencing  in 
185G,  tliey'are  as  follows  : 

Shipments  of  Iron  Ore  from  Marquette  Courdy,  Michigan. 


In  1856 

7,000  gross  tons. 

In  1863 

185,257  gross  tons. 

1857 

21,000  " 

1864 

235,122  " 

1858 

31,035  " 

1865 

195,256  " 

1859 

C2,G79  " 

186G 

296,872  " 

1860 

110,998  " 

1867 

469,320  " 

1861 

45,430  " 

1868 

507,813  " 

1862 

115,721  " 

In  18G9  the  shipments  will  probably  exceed  600,000  gross  tons. 

In  Wisconsin  we  find  both  the  magnetic  and  red  oxides  in  consider- 
able quantities ;  in  Ohio,  Massachusetts,  and  Connecticut,  brown  hematite 
of  a  superior  quality,  and  in  \'ermont,  New  Hampshire,  Oregon,  and  Cali- 
fornia, magnetic  oxide  in  greater  or  less  amounts. 

The  opening  up  of  the  Southern  States,  consequent  upon  the  abolition 
of  slavery,  and  the  influx  of  Nortliern  capital,  has  developed  a  mineral 
wealth  which  promises  to  rival  the  richest  of  already  available  localities. 
In  Tennessee  the  deposits  are  rich  and  extensive.  In  Alabama  brown 
hematite  and  fossil  ores  of  more  than  ordinary  richness,  and  very  easily 
mined,  abound ;  and  from  the  advantageous  distribution  of  coal,  ore,  and 
limestone,  this  State  bids  fair  to  become  the  Cleveland  district  of  this 
country.  With  capital  and  enterprise  to  develop  it,  the  entire  consump- 
tion of  the  Southern  States  can  easily  be  supplied  from  this  region  alone. 
Iron  ore  is  also  found  to  some  extent  in  North  and  South  Carolina,  Geor- 
gia, Missouri,  and  Virginia.  The  Pilot  Knob  and  Iron  Mountain  deposits 
of  Missouri  need  only  to  be  mentioned  to  be  recognized. 


II. — The  Production  of  Pig-Iron. 

In  tlie  manufacture  of  pig-iron,  Penn.sylvania  also  stands  foremost, 
having  produced  in  the  year  1868,  nearly  58  per  cent,  of  the  entire  make 
of  the  United  States.     Her  abundant  deposits  of  coal,  and  her  widely  ex- 
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tended  railroads  and  canals,  give  ber  advantages  as  yet  possessed  by  no 
other  State.  The  valley  of  the  Lehigh,  from  Mauch  Chunk  to  Easton,  has 
nearly  one  furnace  for  every  mile  of  distance.  The  valley  of  the  Schuyl- 
kill, from  Reading  to  Philadelphia,  is  lighted  by  furnace  fires,  and  in  the 
western  part  of  the  State  the  city  of  Pittsburg  is  one  vast  iron  manu- 
factory. Besides  these  three  principal  localities,  pig-iron  is  made  in 
gieater  or  less  quantities  in  almost  every  part  of  the  State. 

Ohio  stands  next  to  Pennsylvania  as  an  iron-producing  State,  having, 
in  1868,  made  about  15  per  cent,  of  the  iron  made  in  this  country.  The 
whole  of  tlie  eastern  and  some  of  the  southern  parts  of  the  State  abound 
in  furnaces.  Large  quantities  of  Lake  Superior  ore  are  used  in  conjunc- 
tion with  native  ores,  and  coal  and  limestone  abound  in  the  State. 

New  York  produces  about  12  per  cent,  of  the  make  of  pig-iron.  The 
Hudson  River  is  already  the  seat  of  a  large  proportion  of  this  manufac- 
tui*e,  and,  from  its  favorable  situation  for  the  supply  of  materials  at  a 
cheap  rate  of  transportation,  must  continue  to  be  the  principal  iron  locality 
of  the  State.  Furnaces  exist,  however,  at  various  points  in  the  interior 
and  western  parts  of  the  State. 

The  remaining  15  per  cent,  of  the  pig-iron  production  is  principally 
divided  between  New  Jersey,  Michigan,  Connecticut,  and  Massachusetts, 
though  some  of  the  other  States  produce  small  quantities.  Herewith  is 
given  a  tabular  statement  of  the  production  of  pig-iron  in  the  United 
States,  from  1810  to  1868,  which  is  believed  to  be  quite  reliable : 
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YEAR. 


1810 

1828 
1830 
1832 
1840 
1845 
1850 
1855 
1860 
1864 
1866 
1867 
1868 


Production 

in 
Gross  Tons. 


54,000 

130,000 

165,000 

200,000 

347,000 

486,000 

564,755 

754,178 

913,770 

1,135,497 

1,334,704 

1,447,771 

1,603,000 


Increase 

of 

Production  per  cent. 


140    % 

211.11 

21 

110.3 

49 

62.7 

32.7 

61.8 

24.26 

46. 

58.4 

75.42 


in  18  Y^ 
20 

2 
10 

5 
10 

5 
10 

4 

6 

7 


Annual 

Increase 

of 

Productinu 

per  cent. 

10 

50 

% 

11 

% 

0 

27 

% 

6 

18 

% 

6.06 

% 

7 

66 

% 

8 

46 

% 

10 

72 

% 

Annual 
Increase 

of 
Population 
per  cent. 


3.88  % 

3.26  % 

3. 58  % 

3.54  % 
3.  % 
3.       % 


III. — Improvements  in  the  Processes  of  the  Manufacture  of 

Pig-Iron. 

a. — Size  and  Shape  of  Blast  Furnaces. 

From  the  first  manufacture  of  pig-iron  to  the  present  time,  the  general 
form  of  the  blast  furnace  has  remained  the  same,  consisting  of  a  vertical 
chamber  or  shaft,  circular  in  form,  but  widening  from  the  bottom  up- 
wards and  from  the  top  downwards.  The  shape  most  generally  adopted 
in  this  country  consists,  first  of  a  crucible  at  the  bottom,  the  sides  of 
which  are  perpendicular  for  from  6  to  8  feet ;  thence  the  furnace  widens 
out  at  an  angle  (called  the  angle  of  the  bosh)  of  from  60°  to  70°  until  the 
required  width  is  reached.  This  widest  point  is  known  as  the  bosh. 
Thence  a  slight  reduction  of  size  is  carried  to  the  flues  which  take  ofi"  the 
waste  gases,  from  whence  to  the  tunnel  head  or  mouth  the  size  decreases 
more  rapidly  until  the  required  diameter  is  reached.  The  sizes  and  pro- 
portions of  different  furnaces  are  so  varied  that  it  is  impossible  to  estab- 
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lish  any  positive  rules  lor  them.     The  furnaces  iu  the  Lehigli  valley  are 
as  follows : 

Crucible       from  5  to  10  feet  in  diameter. 

Bosh,  "  10   "    20     "      "         " 

At  the  flues,  "  8    "    14     "      "         " 

Funnel  head, "  5    "    12     "      "         " 

Total  height, "  40   "   73     "      " 

See  Note  I. 

Various  improvements  upon  the  general  outline  have  been  adopted,  as 
carrying  the  lining  perpendicular  from  the  bosh  partly  up  to  the  flues,  or 
dispensing  with  all  angles,  and  making  the  interior  a  combination  of 
curved  lines,  but  the  same  general  form  is  retained.     The  tendency  at  the 
present  is  to  increase  both  the  height  of  the  furnace  and  the  size  of  the 
bosh.     In  England,  high  furnaces  witli  large  boshes  have  been  largely 
adopted,  and  are  giving  some  remarkable  results.     In  the  valley  of  the 
Lehigh,  the  average  product  of  furnaces  55  feet  high  and  18  feet  boshes  is 
225  tons  of  No.  1  pig  metal  per  week,  with  a  consumption  of  about  two 
tons  of  coal  to  one  ton  of  pig-iron.     The  Norton  furnaces,  near  Stockton- 
on-Tees,  England,  which  are  85  feet  in  height  and  25  feet  boshes,  produce 
530  tons  of  iron  weekly,  using  about  one  ton  of  coke  to  one  ton  of  iron. 
The  Ferry  Ilill  furnaces,  England,  are  103.5  feet  high,  and  27.5  feet 
boshes,  and  produce  weekly  COO  tons  of  iron  with  an  average  consumption 
of  15^  cwt.  of  coke  to  one  ton  of  iron.     The  smaller  furnaces  in  England 
use  from  1  ton  17  cwt.  to  2  tons  of  coke  to  1  ton  of  iron.     In  addition  to 
the  increase  in  production  and  decrease  in  consumption  of  coal  which 
seems  to  be  the  result  of  these  large  furnaces,  the  quality  of  iron  seems 
to  have  been  improved  thereby.     The  iron  used  in  the  manufacture  of 
Bessemer  steel  is  principally  made  in  these  large  furnaces.     It  would  seem 
to  be  well  worth  the  while  of  the  iron-masters  of  this  country  to  study 
carefully  the  results  of  these  furnaces,  with  a  view  to  an  increase  in  the 
size  of  ours.     Indeed,  some  advance  has  already  been  made  in  that  direc- 
tion, one  of  the  furnaces  at  Glendon,  Penn.,  in  the  Lehigh  valley,  being 
73  feet  high  and  18  feet  boshes,  and  one  at  Stanhope,  New  Jersey,  yet 
unfinished,  is  to  be  85  feet  high  and  22  feet  boshes.     But  the  materials 
used  here  dilfcr  so  much  from  tliosc  in  England  that  experiments  in  this 
direction  must  necessarily  be  conducted  with  tlie  utmost  caution,  to  avoid 
disaster. 
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b.—Hot  Blast. 

Perhaps  the  most  important  of  all  the  improvements  in  the  iron  manu- 
facture during  the  50  years  last  past,  is  the  use  of  heated  instead  of  cold 
air  for  the  blast.  This  invention  was  first  applied  in  1830,  by  Mr.  James 
Beaumont  Neilson,  at  the  Clyde  Iron  Works,  and,  although  the  temperature 
was  only  raised  to  300°  F.,  produced  a  saving  of  nearly  33^  per  cent,  in 
the  consumption  of  coal.  The  first  apparatus  was  exceedingly  rude  and 
simple,  consisting  of  a  boiler  iron  chamber  4  feet  by  3  feet  by  2  feet,  the 
air  entering  at  one  end  and  leaving  at  the  other.  This  being  soon  de- 
stroyed, cast-iron  was  substituted,  the  chamber  giving  about  55  square 
feet  of  heating  surface.  Next  Mr.  Neilson  substituted  a  horizontal  arrange- 
ment of  cast-iron  pipes  with  a  heating  surface  of  240  square  feet  for  each 
tuyere,  producing  a  temperature  of  G00°  F.  This  oven  having  given  much 
annoyance  from  leakage,  various  improvements  have  been  made  thereon, 
until  tlie  present  form  has  been  reached,  which  is  of  cast-iron,  and  consists 
of  a  series  of  bed  pipes,  cast  with  sockets  upon  them,  in  which  (in  some 
ovens  with  both  legs  resting  on  the  same,  and  in  others  on  different  bed 
pipes)  stand  upright  pipes  of  the  shape  of  an  inverted  U  connected  with 
the  bed  pipe  by  means  of  a  rust  cement  joint.  These  U  pipes  are  exposed 
to  the  fii"e,  the  bed  pipes  being  protected  by  a  casing  of  fire  brick,  and  the 
air,  entering  the  bed  pipes,  circulates  through  the  uprights  and  is  heated 
during  its  passage  to  a  temperature  varying  frrm  C00°  to  1000°  F.,  accord- 
ing to  the  amount  of  heating  surface  employed.  The  ovens  are  almost 
universally  heated  by  the  waste  gases  of  the  furnace,  and  in  most  of  them 
the  burning  gas  is  brought  into  direct  contact  with  the  pipes,  being  gen- 
erally introduced  from  below  by  Hues  leading  up  between  the  bed  pipes, 
although,  in  the  improved  form  of  the  Thomas  Hot  Blast,  the  fire  is  in- 
troduced from  above,  impinging  directly  upon  the  tops  of  the  pipes.  The 
action  of  the  fire  upon  these  pipes,  however,  at  the  extreme  heat  main- 
tained in  the  ovens,  causes  them  to  burn  out,  and  necessitates  frequent 
renewals,  which  are  both  troublesome  and  expensive.  Mr.  John  Player, 
formerly  of  the  Norton  Furnaces,  England,  but  now  a  resident  of  Phila- 
delphia, claims  to  have  obviated  this  difliculty  to  a  great  extent,  by  em- 
ploying a  large  combustion  chamber  underneath  the  oven,  with  deep  and 
very  narrow  flues  up  into  the  pipe  chamber,  through  which  the  resultant 
heat  of  the  combustion  of  the  gas,  and  but  very  little  of  the  fire,  comes  in 
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contact  with  the  pipes,  while  the  same  or  greater  heat  is  obtained  as 
under  the  old  plan.  So  far  as  this  is  in  use  in  this  country  it  gives  toler- 
able satisfaction,  although  I  have  been  unable  to  learn  that  the  excessive 
temperature  of  1200°  F.  which  he  claims  can  be  produced,  has  ever  been 
reached. 

An  entirely  new  style  of  oven  has  lately  been  patented  by  Mr. 
Thomas  Whitwell,  of  the  Thornby  Iron  Works,  Stockton,  England, 
consisting  of  a  cast-iron  air-tight  casing,  22  feet  diameter,  and  20  feet 
high,  lined  with  18  inches  of  fire-brick,  and  the  interior  divided  by  fire- 
brick walls  into  compartments  of  different  sizes,  largest  at  the  hot  end. 
The  gas  enters  the  oven  at  the  hot  end,  where  it  is  lighted,  and  passing 
through  the  compartments,  burning  as  it  goes,  escapes  at  the  cold  end 
into  the  smoke-stack,  the  fire-brick  absorbing  and  retaining  the  greater 
part  of  the  heat  generated  by  the  combustion.  After  the  brick  has 
mostly  become  red  hot  the  gas  is  shut  oft"  and  the  blast  admitted  at  the 
cold  end  of  the  oven,  passing  through  the  oven  in  the  reverse  direction 
from  the  gas,  and  by  its  passage  over  the  brick  becoming  heated  to  a 
red  heat,  and  in  this  condition  passing  into  the  furnace.  These  stoves 
are  built  in  pairs,  being  used  alternately  for  the  admission  of  gas  and  air. 
It  is  claimed  that  one  of  these  stoves  will  supply  sufficient  heat  to  raise 
8,000  cubic  feet  of  air  per  minute  to  a  red  heat  for  3  hours,  and  that  it 
can  bo  reheated  in  li  hours,  while  the  cost  is  no  greater  than  the  ordi- 
nary cast-iron  stoves.  They  possess  the  advantage  of  simplicity  of  con- 
struction, slow  fouling  from  dust,  facility  for  cleaning,  and  durability. 
At  the  Consett  Iron  Works,  England,  where  they  are  in  use,  it  is  stated 
that  zinc  is  melted  at  the  plug  hole  of  the  tuyere,  in  2^  seconds,  and  that 
the  tuyere  pipes  are  red  hot  in  open  day,  the  temperature  being  esti- 
mated to  have  been  as  high  as  1,500°  F.  The  use  of  heated  air  for  the 
blast  has  been  found  to  result  in  a  decreased  consumption  of  coal,  and 
thus  far  the  hotter  the  blast  the  greater  this  decrease.  Hence  the  point 
to  be  attained  is  to  produce  the  greatest  heat  in  the  simplest  and  most 
economical  manner ;  in  which  points  this  oven  seems  to  excel. 

c.  Utilization  of  Waste  Gases. 

It  was  formerly  the  custon  to  allow  the  gases  generated  in  the  blast 
furnace  to  escape  and  burn  in  the  air  at  the  tunnel  head.  In  the  j'^ear 
18o2,  Mr.  Moses  Teaguc,  of  England,  patented  a  device  for  collecting  and 
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using  these  gases,  which  was  first  applied  by  Mr.  Jas.  Palmer  Budd,  at 
the  Ystalefera  Works,  to  the  heating  of  hot-blast  stoves.  He,  however, 
did  not  burn  the  gases,  but  simply  passed  them  through  the  ovens  in  the 
heated  state  in  which  they  issued  from  the  furnace.  Since  that  time 
various  devices  have  been  used  for  the  employment  of  the  gases,  and  now 
almost  every  furnace  in  the  country  not  only  heats  their  blast,  but  gene- 
rates the  steam  for  their  engines  by  their  combustion.  They  are  taken 
out  of  the  furnace  at  the  level  of  the  tunnel  head,  or  from  that  down 
to  10  or  12  feet  below,  in  flues  constructed  in  the  lining  of  the  furnace, 
and  are  conducted  in  flues  or  pipes  to  the  position  where  it  is  desired 
to  use  them,  where  they  are  mixed  with  atmospheric  air  and  burned. 
In  this  way,  what  was  formerly  allowed  to  waste  into  the  air  produces 
all  the  heat  required  f  ;r  both  blast  and  steam. 

d.  Blowing  Engines. 

When  it  is  taken  into  consideration  that  for  every  ton  of  solid 
material  used  in  making  a  ton  of  pig-iron,  3  tons  of  air  in  the  shape  of 
blast  must  be  supplied,  it  will  at  once  be  seen  that  the  apparatus  for 
producing  this  blast  is  of  the  utmost  importance.  The  blast  engine  may 
be  said  to  be  the  lungs  of  the  furnace ;  cripple  it  and  the  furnace  dies. 
As  the  blast  is  delivered  to  the  furnace  at  a  pressure  varying  from  3  to 
8  lbs.  per  square  incli,  the  machine  must  be  strong  and  substantial.  As 
the  quantity  to  be  delivered  is  large,  it  must  be  proportionally  large ;  and  as 
the  power  required  is  great,  it  must  hi  applied  as  economically  as  possible. 
But  comparatively  few  furnaces  being  able  to  use  water  as  their  motive 
power,  steam  engines  are  generally  used  for  this  purpose.  The  steam  is 
generated  by  the  waste  gases.  Generally  the  boilers  are  elevated  on 
masonry  piers,  nearly  to  a  level  with  the  flues  of  the  furnace.  Latterly, 
however,  they  have  been  placed  on  the  ground,  and  the  gas  drawn  down 
to  them  by  means  of  a  powerful  draft,  and  with  great  success.  This 
dispenses  with  a  great  deal  of  expensive  masonry.  The  engines  are  of 
varied  construction,  but  all  involve  an  ordinary  steam  cylinder  attached 
in  some  way  to  a  blowing  cylinder,  each  head  of  which  is  made  with  a 
number  of  openings  closed  by  leather  flap-valves,  one  half  of  which  open 
inwards  and  the  other  half  outwards,  thus  forming  in  efiect  a  bellows. 
The  forms  of  engines  most  used  are  beam  engines  with  the  steam  and 
blowing  cylinders  at  opposite  ends  of  the  beam.     Vertical  engines  with 
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the  cylinders  side  by  side  and  the  piston  rods  both  connected  to  one 
cross  head,  or  with  the  blowing  cylinder  directly  over  the  steam  cylinder, 
and  horizontal  engines  with  two  blowing  cylinders  driven  by  one  steam 
cylinder  through  the  interposition  of  gearing,  or  with  one  blowing 
cylinder  on  a  line  with  the  steam  cylinder  and  both  pistons  on  one  rod 
running  through  both  ends  of  both  cylinders.  All  of  these  engines 
involve  heavy  fly-wheels  to  insure  a  steady  motion.  A  new  vertical 
engine  lias  lately  been  built,  with  the  steam  cylinder  over  the  blowing 
cylinder,  which  dispenses  entirely  with  fly-wheels,  is  so  entirely  novel 
in  its  consti'uction  that  a  print  of  it  is  annexed,  which  will  give  a  much 
better  idea  of  it  than  a  description.  One  of  these  engines  is  now  at  work 
at  Niles,  Ohio,  blowing  a  furnace  45  ft.  high,  with  10  ft.  boshes.  All  of 
these  styles  of  engine  have  their  advocates,  and  all  possess  some  advan- 
tages and  disadvantages.  For  reliability,  endurance,  and  satisfactory 
results,  however,  the  beam  engine  seems,  thus  far,  the  favorite.  To  give 
a  better  idea  of  the  sizes  of  the  engines  used  for  this  purpose,  some 
figures  in  relation  to  them  are  given  below. 


Wheke  Used. 

Diameter 

of 

Steam 

Cylinder. 

Diameter 

if 
Blowing 
Cyliuder. 

Length 
of  Stroke. 

Number  and  kind 
of  Eagincs 

Number  of 
Furnaces. 

Thomas          Iron  r 
Works,  Hoken-.| 
dauqua,  Pa.  .       [_ 

(j6  ius. 

5fi    " 

108  ins. 
90    " 

10  ft. 
9     " 

2  beam  engines 
2  beam 

1 

J 

4 

Allentown       Iron 
Works,      Alien- < 
town,  Pa 

10    '• 
48     " 
40    " 

84    •' 
84    " 
84    " 

7i  - 

7i" 
71" 

1  vertical  " 

1  beam      " 

2  beam 

1 
1 

J 

Carbon            Iron  C 
Works,     Perj  y-  i 
ville,  Pa I 

3U    " 

■  50    " 

81    " 
84     " 

7    " 

1  vertical  '• 
1  vertical  " 

1 

J 

■•^ 

Burden's            Iron 
Works.Troy,  N.Y. 

40    " 

SO    " 

7    " 

2  horizontal" 

Boonton          Iron  ' 
Works,  Boontou,  - 
N.  J , 

40    " 
40     " 

90    " 
84    " 

7     " 
7i" 

1  horizontal" 
1  vertical      " 

1 
1 

Port      Oram      Iron 
Works,  PortOram. 
N.  J 

40    " 

84    " 

74-' 

1  vertical      " 
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/. — Coiistrwtioii  of  Furnace  Slacks. 

The  great  majority  of  furnace  stacks  are  massive  constructions  of  stone 
masonry  of  a  square  base  with  an  arch  on  each  face  for  tuyeres  and  cast- 
ing purposes,  surmounted  by  a  brick  gas  chamber  and  tunnel  head.  The 
stone  work  is  tied  together  by  heavy  wrought-iron  binders  running 
through  it  in  all  directions.  Where  stone  is  abundant  this  is  a  preferable 
form,  from  its  cheapness,  durabilitj',  and  heat-retaining  qualities.  These 
stacks  are  not  built  of  solid  masonry,  but  have  an  outside  and  inside  wall 
laid  in  mortar,  with  the  intermediate  space  filled  with  loose  stone.  In 
regions  where  good  building  stone  are  scarce,  other  materials  have  been 
employed.  Of  these,  brick  and  boiler  iron  are  the  most  common.  The 
brick  stacks  are  generally  circular  in  form  and  encircled  by  wrought-iron 
bands  at  intervals  of  about  2  feet.  These  stacks  stand  well  for  awhile, 
but  are  liable  to  crack  badly  with  the  heat,  and  burn  out.  They  also 
waste  considerable  heat  by  radiation.  The  iron  stacks  consist  of  a  shell 
of  boiler  iron  supported  upon  cast-iron  columns,  and  give  excellent  satis- 
faction. Their  cost  is  very  nearly  the  same  as  stone,  and  they  possess  an 
advantage  in  being  quickly  erected,  and  giving  ready  access  to  the  base 
of  the  furnace  on  its  entire  circumference.  They  are  not  as  economical 
of  heat  as  the  stone  stacks,  but  are  being  adopted  to  a  very  considerable 
extent. 

*  See  Note  II.,  p.  202. 

IV. — General  Remarks. 

From  these  data  in  relation  to  the  manufacture  of  iron,  you  may  per- 
haps form  some  idea  of  its  present  condition  and  importance.  When  it 
is  remembered  that  for  each  ton  of  pig  metal  produced  per  annum,  a  plant 
of  ^20  is  required  as  a  permanent  investment,  besides  a  working  capital 
of  from  ^5  to  $10  per  ton,  it  will  be  readily  seen  what  a  large  amount  of 
capital  is  already  invested  in  this  branch  of  industry  in  this  country, 
amounting,  it  is  believed,  in  the  year  1868,  to  nearly  fifty  millions,  of 
dollars.  The  new  and  varied  uses  of  iron,  and  the  amount  required  an- 
nually to  repair  the  wear  and  tear  of  that  already  in  use,  give  promise  of 
greater  demands  in  the  future.  Railroads  are  multiplying  continually, 
for  which  must  be  supplied  not  only  rails,  but  rolling  stock,  bridges, 
depots,  and  other  equipments,  into  the  construction  of  all  of  whicKirou 
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enters  largely.  Iron  buildings  are  taking  the  place  of  stone  and  brick  in 
all  of  our  large  cities ;  our  ships  are  no  longer  of  oak,  but  iron  vessels 
crowd  out  the  old  wooden  ones,  until  even  the  rigging  is  of  wire  rope ;  the 
axles  of  our  wagons  are  of  iron — in  fact,  so  cheap  and  abundant  has  this 
staple  become  that  it  is  produced  in  almost  every  conceivable  form,  and 
for  almost  ever}-  conceivable  purpose.  With  a  protective  tariff  sufficient 
to  insure  a  reasonable  profit  upon  its  manufacture,  it  is  diflBcult  to  fore- 
tell the  production  ten  years  hence.  Certainly,  as  the  unoccupied  terri- 
tory fills  up,  as  wealth  increases,  and  civilization  advances,  this  article, 
which  has  now  become  one  of  the  necessaries  of  life,  must  continue  to  be 
more  and  more  in  demand ;  to  supply  which,  new  localities  must  be  de- 
veloped and  new  works  erected.  And  as  the  country  grows  older,  and 
labor  and  capital  both  become  more  abundant,  the  expense  of  production 
must  be  reduced,  until  it  will  not  be  at  all  remarkable  to  find  American 
iron  competing  with  that  of  other  nations  in  all  the  markets  of  the  world. 


*NoTE  II.— Some  experiments  made  by  the  writer  at  blast-  I'urnaces  in  the 
Lehigh  valley  in  reference  to  the  loss  of  heat  by  radiation  through  the  stack, 
gave  the  folloxving  results,  the  thermometer  in  the  open  air  standing  at  20°  F.  : 

On  the  oiitside  of  stone  stacks  varying  from  6  feet  to  10  feet  in  thickness 
of  masonry,  from  60°  to  90°  F. 

Brick  stacks  30  inch  wall,  from  1'20°  to  190°  F. 

No  experiments  were  made  -mth  iron  stacks. 

In  the  boiler  rooms  the  outside  of  a  brick  wall  21  inches  thick  gave  as  high 
as  212° 'F. 

Hot  blast  oven  walls  IS  inches  thick  gave  as  high  as  220°  F. 

From  these  facts  it  will  be  seen  that  the  saving  of  radiated  heat  about  a 
blast  furnace  is  a  problem  which  will  bear  study  with  a  view  to  economizing 
in  fuel  by  the  use  of  the  heat  so  wasted. 
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TRANSACTIONS. 


EXrERIMENTS  FOR  MAKING  BRICK  MASONRY  IMPERVIOUS  TO 
WATER,  TRIED  ON  THE  WALLS  OF  THE  BACK  BAYS  OF  THE 
GATE-HOUSES  OF  THE  NEW  GROTON  RESERVOIR  IN  NEW 
YORK,  AND  ON  THE  BRICK' ARck  OF  HIGH  BRIDGE,  IN  1863. 

A  Paper  read  before  the  Society  May  4,  1870,  by  Willia:\i  L. 
Dearborn,  Civil  Engineer,  IMember  of  the  Society. 

The  face-walls  of  the  Back  Bays  of  the  Gate-liou.ses  of  the  new 
Croton  Reservoir,  located  north  of  86tli  Street,  in  Central  Park,  were 
built  of  the  best  quality  of  hard-burned  l)rick,  laid  in  mortar  composed 
of  hydraulic  cement  of  New  York,  and  sand,  mixed  in  the  proportion  of 
one  measure  of  cement  to  two  of  sand.  The  space  between  the  walls 
is  ^4  feet,  and  was  filled  with  concrete.  These  face-walls  were  laid  up 
with  great  care,  and  every  precaution  was  taken  to  have  the  joints  well 
filled  and  insure  good  work.  They  are  12  inches  thick  and  40  feet 
high,  and  the  Bays,  when  full,  generally  have  36  feet  of  water  in  them. 

When  the  Reservoir  was  first  filled,  and  the  water  was  let  into  t)  e 
Gate-houses,  it  was  found  to  filter  through  these  walls  to  a  considerable 
amount.  As  soon  as  this  was  discovered,  the  water  was  di-awn  out  of 
the  Bays,  with  the  intention  of  attempting  to  remedy  or  prevent  this 
infiltration.  After  carefully  considering  several  modes  of  accomplishing 
the  object  desired,  I  came  to  the  conclusion  that  the  mode  known  in 
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England  as  "Sylvester's  Process  for  llepelling  Moisture  from  External 
"Walls"  was  the  easiest  of  application,  and  would  be  as  effectual  as  any  ; 
and,  on  consulting  Dr.  Chilton,  the  chemist,  I  was  confirmed  in  this 
opinion. 

The  results  of  the  investigation  were  then  submitted  to  A.  W. 
Craven,  Engineer  of  the  Croton  Water  Works,  for  his  decision,  and  his 
instructions  were  to  adopt  Sylvester's  process. 

This  process  consists  in  using  two  washes  or  solutions  for  covering 
tlie  surface  of  brick  walls ;  one  composed  of  Castile  soap  and  water,  and 
one  of  alum  and  water.  The  proportions  are:  three-quarters  of  a  pound 
of  soap  to  one  gallon  of  water,  and  half  a  pound  of  alum  to  four  gallons 
of  water,  both  substances  to  be  perfectly  dissolved  in  the  water  before 
being  used. 

The  walls  should  be  perfectly  clean  and  dry,  and  the  temperature  of 
the  air  should  not  be  below  50°  Falirenhcit,  when  the  compositions  are 
aj)plied. 

The  first  or  soap  wash  should  be  laid  (m,  when  at  boiling  heat,  with  a 
fiat  brush,  taking  care  not  to  form  a  froth  on  the  brick-work.  This 
wasli  should  remain  24  hours,  so  as  to  become  dry  and  hard  before  the 
second  or  alum  wash  is  applied,  which  should  be  applied  in  the  same 
manner  as  the  first.  The  temperature  of  this  wash,  when  applied,  may 
be  G0°  or  70°,  and  it  should  also  remain  24  hours  before  a  second  coat  of 
the  soap-wash  is  applied,  and  these  coats  are  to  be  repeated  alternately 
until  the  walls  are  made  impervious  to  water. 

The  alum  and  soap  thus  combined  form  an  insoluble  compound, 
filling  the  pores  of  the  masonry  and  entirely  preventing  the  water  from 
penetrating  the  walls. 

Before  applying  these  compositions  to  the  walls  of  the  Bays,  some 
experiments  were  made  to  test  the  absorption  of  water  by  bricks  under 
pressure,  after  being  covered  with  these  washes,  in  order  to  determine 
how  many  coats  the  walls  would  require  to  render  them  impervious  to 
water. 

To  do  this,  a  strong  wooden  box  was  made,  put  together  with  screws, 
large  enough  to  hold  two  bricks,  and  on  the  top  was  inserted  an  inch- 
pipe,  40  feet  long. 

In  this  box  we  placed  two  bricks,  after  being  made  perfectly  dry,  and 
then  covered  with  a  coat  of  each  of  the  washes,  as  before  directed,  and 
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weighed.  They  were  then  subjected  to  the  pressure  of  a  column  of 
water  40  feet  high,  and,  after  remaining  a  sufficient  length  of  time, 
they  were  taken  out  and  weighed  again,  to  ascertain  the  amount  of 
water  thej^  had  absorbed. 

The  bricks  were  then  dried,  and  again  coated  with  tlie  washes  and 
weighed,  and  then  subjected  to  pressure  as  before;  and  this  operation 
was  repeated  until  the  bricks  were  found  not  to  absorb  any  water.  Four 
coatings  rendered  the  bricks  impenetrable  under  the  pressure  used. 

The  mean  weight  of  the  bricks  (dr}'),  before  being  coated,  was  3|  lbs. ; 
the  mean  absorption  was  one-half  pound  of  water. 

An  hydrometer  was  used  in  testing  the  solutions. 

As  this  experiment  was  made  in  the  fall  and  winter,  after  tJie  tem- 
porary roofs  were  put  on  to  the  Gate-house,  artificial  heat  had  to  be 
resorted  to  to  dry  the  walls  and  keep  the  air  at  a  proper  temperature. 

The  following  is  a  detailed  statement  of  the  cost  of  coating  those 
walls : 

Square  feet  of  surface  covered  in  North  Gate-house 7,622 

"  "  "         South  «  11,208 

Total 18,830 


Superintendence  of  whole  ('JO  d.ays) at  .^2.50 1^240  00 

Days'  labor  applying  4  coats  soap,     120 
«  "  "  alum,    120 

240.  . .  .at  .'gl.SO 3G0  00 

502d  lbs.  soap 82  19 

Days'  labor  cleaning  walls,  323^ at  .^^1.50 485  25 

198  lbs.  alum 7  G7 

Coal  for  heating  soap  solution 8  00 

Labor   tending  fires,  night   and    day,  for   drying   walls,   185^, 

at  i$1.50 278  25 

27  tons  of  coal 216  00 

Wire  brushes  for  cleaning  walls 3  00 

10  brushes  for  applying  preparation. 25  00 

Tubs  and  buckets 9  73 

Ladders 10  00 

Rope 38  42 
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Stoves  and  pipes,  and  putting  up  same $88  00 

Furnaces ....    14  00 

Boiler  for  soap IG  00 

Hydrometer 2  75 

Scrapers,  and  sharpening  scrapers 1  93 

Platforms  and  staging  (material  and  la])or) 6  00 

Brooms 2  72 

Total  cost  of  operations $1,894  91 

Costing,  in  all,  10.06  cents  per  square  foot. 

As  soon  as  the  last  coat  had  become  hard,  the  water  was  let  into  the 
Bays,  and  the  walls  were  found  to  be  perfectly  impervious  to  water,  and 
they  still  remain  so. 


BRICK  ARCH  (FOOTWAY  OF  HIGH  BRIDGE). 

The  brick  arch  of  the  footway  of  High  Bridge  is  the  arc  of  a  circle  2G 
feet  C  inches  radius,  and  is  12  inches  thick ;  the  width  on  top  is  17  feet, 
and  tlie  length  covered  was  1,381  feet. 

The  arch,  for  8  inches  in  thickness,  rests  on  cast-iron  skewbacks, 
which  are  prevented  from  separating  by  wrought-iron  tie-rods. 

The  two  first  courses  of  brick  of  the  arch  are  composed  of  the  best 
hard-burned  brick,  laid  edgewise  in  mortar  composed  of  one  i)art,  by 
measure,  of  hydraulic  cement  of  New  York,  and  two  parts  of  sand. 

The  top  of  these  bricks,  and  the  inside  of  the  granite  coping,  against 
which  the  two  top  courses  of  brick  rest,  was,  when  they  were  perfectly 
dry,  covered  with  a  coat  of  asphalt  one-half  an  inch  thick,  laid  on  when 
the  asphalt  was  heated  to  a  temperature  of  from  3G0o  to  518°  Fahren- 
heit. 

On  top  of  this  was  laid  a  course  of  brick,  flatwise,  dipped  in  asphalt, 
and  laid  when  the  asphalt  was  hot,  and  the  joints  were  run  full  of  hot 
asphalt. 

On  top  of  this  a  course  of  pressed  brick  was  laid,  flatwise,  in  hydraulic 
cement  mortar,  forming  the  paving  and  floor  of  the  Bridge,  This  asphalt 
was  the  Trinidad  variety,  and  was  mixed  with  10  per  cent.,  by  measure. 
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of  coal-tar,  and  '&  per  cent,  of  sand.  A  few  experiments  for  testing  the 
strength  of  this  asphalt,  when  used  to  cement  bricks  together,  were 
made,  and  two  of  them  are  given  below. 

Six  bricks  pressed  together,  flatwise,  with  asphalt  joints,  were,  after 
laying  six  months,  broken. 

The  distance  between  the  supports  was  12  inches ;  breaking  weight, 
900  lbs. ;  area  of  single  joint,  28^  square  inches.  The  asphalt  adhered  so 
strongly  to  the  brick  as  to  tear  away  the  surface  in  many  places. 

Two  bricks  pressed  together,  end  to  end,  cemented  with  asphalt, 
were,  after  laying  six  months,  broken  : 

The  distance  between  the  supports  was  10  inches ;  area  of  joint,  8^ 
square  inches;  breaking  weight,  150  lbs. 

The  area  of  the  Bridge  covered  with  asphalted  brick  was  23,0G5 
square  feet.  There  was  used  94,200  lbs.  of  asphalt ;  33  barrels  of  coal- 
tar  ;  10  cubic  yards  of  sand  ;  93,800  bricks. 

The  time  occupied  was  lOG  days  of  masons  and  148  daj^s  of  laborers. 
Two  masons  and  two  laborers  will  melt  and  spread,  of  the  first  coat, 
1,G50  square  feet  per  day.  The  total  cost  of  this  coat  was  5.25  cents  per 
square  foot,  exclusive  of  duty  on  asphalt.  There  were  three  grooves,  2 
inches  wide  by  4  inches  deep,  made  entirely  across  the  brick  arch,  and 
immediately  under  the  first  coat  of  asphalt,  dividing  the  arch  into  four 
equal  parts.     These  grooves  were  filled  with  elastic  paint  cement. 

This  arrangement  was  intended  to  guard  against  the  evil  effects  of 
the  contraction  of  the  arch  in  winter,  as  it  was  expected  to  yield  slightly 
at  these  points  and  at  no  other  point,  and  then  the  elastic  cement  would 
prevent  an}^  leakage  there. 

The  entire  experiment  has  proved  a  very  successful  one,  and  the  arch 
has  remained  perfectly  tight. 
The  cost  of  labor  and  materials  on  this  work  Avas  as  follows  : 

Masons,  §2.00  per  day. 

Laborers,  $1.00  per  day. 

Asphalt,  exclusive  of  duty,  -j\fj  of  a  cent  per  lb. 

Coai  tar,  $1.00  per  barrel. 

Sand,  50  cents  per  cubic  yard. 
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Note  hy  General  George  S.  Greenr, 

In  proposing  tlie  above  plan  for  working  the  asphalt  with  the  brick- 
work, the  object  was  to  avoid  depending  on  a  large,  continued  surface  of 
asphalt,  as  is  usual  in  covering  arches,  which  very  frequently  cracks  from 
the  greater  contraction  of  the  asphalt  than  that  of  the  masonry  with 
which  it  is  in  contact,  the  extent  of  the  asphalt  on  this  work  being  only 
about  one-quarter  of  an  inch  to  each  brick. 

This  is  deemed  to  be  an  essential  element  in  the  success  of  the 
impervious  covering. 
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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INCORPORATED    1852. 

TRANSACTIONS. 


At  a  Meeting  of  the  Society  May  4,  1870. 
Col.  Julius  W.  Adams,  Vice-President,  in  the  chair. 

ON  SKEW  BEIDGES,  AND  ON  THE  CONSTRUCTION  OF  FALLS  SKEW 
BRIDGE  OVER  THE  SCHUYLKILL,  NEAR  PHILADELPHI.^. 

A  Paper  read  before  the  Society  by  J.  Dutton  Steele,  Civil 
Engineer,  Member  of  the  Society. 

Falls  Bridge,  over  the  River  Schuylkill,  on  the  Philadeljihia  and 
Reading  Railroad,  is  a  stone  structure  with  six  arches  of  eighty-three 
feet  span  and  twenty-four  feet  raise.  Each  arch  consists  of  eight  square- 
built  ribs  of  three  by  three  feet  in  the  section,  and  each  rib  sits  eighteen 
inches  back  of  its  fellow,  making  a  skew  of  twelve  feet  in  a  width  of 
twenty-four. 

Before  entering  upon  a  description  of  this  structure  and  the  mode  of 
building  it,  it  is  due  to  the  memory  of  one  of  the  brightest  ornaments  of 
our  profession  (B.  H.  Latrobe,  the  elder),  that  I  should  refer  briefly  to 
the  origin  and  history  of  ribbed  arches,  which,  from  the  materials 
furnished  me  by  B.  H.  Latrobe,  the  younger,  I  may  be  enabled  to  do 
with  some  little  emphasis. 

The  sketch  which  I  now  submit  to  the  Society  is  a  design  by  Mr. 
Latrobe,  in  1808,  for  a  brick  bridge  over  Rock  Run,  in  Washington,  D.C., 
with  an  arch  of  one  hundred  and  fifty  feet  span  and  twenty-five  feet 
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raise;  it  will  1)6  observed  tliat  the  arcli  consists  of  four  ribs  of  three  and 
six  feet  in  width,  connected  with  transverse  arches  of  eight  and  ten  feet 
spans,  and,  from  a  note  upon  it,  that  it  is  a  copy  of  a  bridge  previously 
built  by  the  same  engineer  over  the  Medway,  in  England,  and  that  he 
had  applied  for  a  patent.  He  also  built  a  brick  bridge  over  the  canal  in 
the  District  of  Columbia,  about  the  same  time,  which  is  yet  standing  as 
he  left  it  more  than  fifty  years  ago;  it  is  a  ribbed  arch  of  about  sixty  feet 
span,  and  is  considerably  skewed.  I  also  submit  a  design  of  his  for  a 
bridge  with  ribbed  brick  arches  over  the  River  Schuylkill,  at  Phila- 
delphia, with  two  spans  of  two  hundred  feet,  and  one  of  two  hundred 
and  fifty  feet,  which  was  made  in  1802,  but  which  was  not  executed. 

We  next  find  the  system  renewed  in  England  for  carrying  wagon  roads 
over  the  London  and  Croydon  Railway;  I  quote  from  Weale's  descrip- 
tion of  one  of  these  structures  printed  in  1843: 

"  This  an  oblique  bridge  built  on  entirely  novel  principles,  from  the 
"  design  and  under  the  direction  of  Joseph  Gibbs,  Esq.,  Engineer  of  the 
"  Croydon  Railway.  The  whole  bridge  is  of  brick  work,  and  instead  of 
"  the  arch  being  built  in  spiral  courses  as  in  the  common  skew  bridge, 
'•it  is  composed  of  four  ribs  or  square  arches  three  feet  in  width,  and 
' '  the  direction  of  the  courses,  in  all  these  ribs,  is  at  right  angles  to  the 
"  roadway  over  the  bridge.  It  is  evident  that  a  bridge  may  be  built  on 
"  this  principle  at  any  angle,  however  acute,  and  all  the  expense  and 
"  trouble  of  skew  arches  avoided.  The  bridges  of  this  kind  on  the 
"  Croydon  Railway  are  universally  admired  for  their  elegance  and 
"  simplicity."  But  Mr.  Gibbs  had  been  antedated  more  than  a  quarter 
of  a  century  by  Mr.  Latrobe  both  in  England  and  America;  and  it  is 
not  more  remarkable  that  this  simple  mode  of  building  oblique  arches 
should  have  been  so  long  hidden  from  the  architectural  world  than  that 
extinct  races  of  men,  who  have  left  behind  them  monuments  of  masonry 
which  are  studied  to  advantage  in  the  present  enlightened  age,  were  with- 
out the  knowledge  of  the  arch  in  any  of  its  shapes. 

The  first  ribbed  arch  bridge  for  sustaining  the  weight  and  jar  of  rail- 
way trains  in  this  country,  was  built  on  the  line  of  the  Philadelphia  and 
Reading  Railroad  in  1848,  at  a  point  known  as  "  Third  Crossing."  It  is 
a  stone  structure,  with  three  spans  of  forty-two  feet  and  a  raise  of  twelve 
feet.  Each  arch  consists  of  four  square  built  ribs,  with  a  backset  of  one 
find  a  quarter  feet  and  a  skew  of  five  feet. 
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Circumstances  made  it  necessary  to  remove  the  centres  from  this 
structxire  as  soon  as  the  arches  were  keyed,  and  for  an  entire  winter  they 
sustained  the  heavy  traffic  of  that  road  unaided  by  backing  or  spandrels, 
and  thus  their  sufficient  stability  was  demonstrated  in  the  most  practical 
manner. 

This  bridge  was  dui^licated  by  Mr.  Edward  Miller  on  the  Pennsylvania 
Railroad  about  a  year  later,  after  which  the  system  came  into  general 
use. 

The  designs  for  Falls  Bridge  were  made  in  1852,  and  the  work  was 
commenced  in  1853,  and  finished  in  1856;  it  was  the  most  elaborate  ap- 
plication of  ribbed  arches  of  its  date.  The  feature  in  its  construction 
which  has  attracted  most  attention  is  the  fact  of  its  occupying  exactly 
the  same  site  as  did  the  wooden  structure  for  which  it  is  the  substitute 
Steamboats  plied  under  it  whilst  it  was  building,  and  passengers  were 
surprised  to  see  the  old  wooden  structure  gradually  disa])pearing  and  the 
new  stone  bridge  taking  its  place,  but  the  most  difficult  part  of  the  work 
was  the  foundations. 

The  Falls  of  Schiiylkill,  which  gave  name  to  this  locality,  was  origi- 
nally a  considerable  rapids  in  the  river  where  the  waters  found  their 
hurried  way  among  granite  boulders  at  the  head  of  tide.  These  boulders 
had  been  connected  with  deposits  of  riprap  forming  wing  dams  to  drive 
machinery,  and  at  a  later  date  both  the  boulders  and  ripraps  had  been 
submerged  to  a  depth  of  five  or  six  feet,  by  the  construction  of  Fairmount 
dam  of  the  Philadelphia  Water  Works,  and  stern-wheeled  steamboats 
plied  over  them.  Thus  it  was  that  the  rock  bed  of  the  river  had  become 
covered  with  masses  of  loose  stones  to  a  depth  of  five  or  six  feet,  with 
about  an  equal  dejith  of  water  over  them. 

As  coffer  dams  coiild  not  be  foiinded  upon  these  loose  materials  their 
sites  were  cleared  with  diving  bells  before  they  were  sunk,  that  the  fill- 
ing might  rest  upon  the  rock. 

The  foundations  were  obtained  in  from  twelve  to  fifteen  feet  of  water, 
and  in  all  cases  the  cut  stone  masonry  not  only  rested  upon,  but  was 
fitted  to,  the  rock  bed  of  the  river. 

The  diving  bells  were  made  of  plate  iron  suitably  weighted  and  sup- 
plied with  air  through  a  hose  attached  to  the  top.  The  workmen  re- 
mained in  them  five  hours  at  a  time,  and  the  air  was  changed  every 
fifteen  or  twenty  minutes. 
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Two  of  the  piers  occupy  the  same  places  as  did  the  piers  of  the  old 
structure  in  which  cases  strong  trestles  were  placed  inside  of  the  coffer- 
dam to  sustain  the  wooden  superstructure  whilst  the  old  piers  were  being 
removed  and  the  new  substituted  for  them. 

Two  seasons  were  occupied  in  obtaining  the  foundations  and  raising 
the  piers  to  the  springing  line,  and  one  in  turning  the  arches  and  build- 
ing the  spandrels. 

In  describing  the  mode  of  turning  the  arches  without  interrupting 
the  traffic  upon  the  railroad  above,  or  on  the  river  below,  it  must  be  ob- 
served that  the  structure  which  they  took  the  place  of  was  a  deck  lattice 
bridge,  the  bottom  chord  of  which  was  five  feet  above  the  springing  line 
of  the  stone  arches.  After  the  ncAv  piers  were  built,  the  first  operation 
was  to  support  this  lattice  superstructure  upon  strong  trestles  resting 
upon  the  centres,  and  between  the  skew-backs.  These  trestles  were  not 
removed,  and  they  are  the  only  wood- work  built  into  the  masonry.  It 
will  be  observed  thus  far,  that  we  have  increased  the  strength  of  the  old 
structure  by  reducing  its  spans,  and  the  remaining  piers  of  the  old 
bridge  were  then  taken  down. 

The  centres  for  turning  the  arches  were  of  lattice,  corresponding  in 
plan  with  the  trusses  of  the  old  bridge,  and  the  trusses  were  made  use  of 
as  a  portion  of  the  centring  by  bolting  segments  upon  them.  Working 
platforms  upon  which  were  rail  tracks  for  moving  the  stone,  and  derricks 
for  handling  them,  jiassed  along  either  side  of  the  bridge,  supported  upon 
beams  which  rested  on  the  chord  of  the  old  structure  about  ten  feet 
above  the  springing  line. 

These  arrangements  being  completed  and  the  arch  stones  being  ready, 
the  work  of  turning  the  arches  was  asimj^le  operation,  and  did  not  con- 
sume a  great  deal  of  time.  That  portion  of  the  old  lattice  trusses  above 
the  arches  was  cut  away  as  the  work  progressed,  and  the  rail  tracks  on 
the  toji  were  supported  upon  the  masonry.  When  the  arches  were  keyed 
those  portions  of  the  old  structure  below  them  were  lowered  away  with 
the  centring. 

The  tops  of  the  arches  were  covered  with  flat  stones  from  four  to  six 
feet  long,  which  gave  some  bond  to  the  ribs,  enough  for  ordinary  cases; 
but  the  constant  passage  of  coal  trains  caused  more  vibration  than  was 
desirable,  and  tie  rods  were  jjlaced  across  the  arches,  binding  the  key- 
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stones  on  either  side  together,  for  the  purpose  of  steadying  the  ribs 
while  the  spandrels  were  being  built. 

Four  thousand  stone,  each  three  feet  square,  and  averaging  about  one 
foot  thick,  were  required  to  turn  the  arches,  and  this  gave  occasion  to 
note  an  unexpected  difficulty  in  obtaining  so  large  a  number  of  sound 
stones  of  one  definite  size;  no  bond  of  masonry  is  deemed  admissible 
between  the  ribs  of  oblique  arches. 

I  also  submit  to  the  Society  several  other  plans  of  stone  bridges  on 
the  Philadelphia  and  Eeading  Raih-oad,  which  will  indicate  the  general 
character  of  the  structures;  if  they  may  be  deemed  of  little  value,  they 
will  do  no  harm. 

The  cylindrical  spandrel  arches  have  produced  satisfactory  re- 
sults, lightening  the  structure  over  the  piers,  and  giving  bond  to  the 
spandrels. 

All  these  bridges  were  built  in  the  j^lace  of  wooden  structures  with- 
out interrupting  the  business  of  the  road,  and  the  practice  gave  an 
unusual  opj^ortunity  of  observing  the  extent  to  which  the  stability  of 
simjile  stone  arches  without  the  support  of  spandrels  or  backing  may  be 
depended  upon.  The  centres  were  generally  removed  as  soon  as  the 
arches  were  keyed,  and  the  backing  carried  uj)  to  those  joints  of  the 
arches  which  made  angles  of  thirty  degrees  with  the  horizon,  and  in  no 
case  did  the  arches  so  supported  fail  to  sustain  the  heavy  trains  which 
were  passing  over  them,  without  material  vibration, 

The  plan  of  *'  Peacock's  Locks  Bridge"  was  a  ribbed  arch  of  seventy- 
six  feet  span  and  twenty-three  feet  raise  over  a  canal.  It  was  necessary 
to  turn  this  arch  in  a  severe  winter,  with  the  temperature  considerably 
below  freezing  point,  from  the  time  the  first  stone  was  laid  until  the 
centres  were  removed,  and  it  was  interesting  to  observe  the  settling  of 
the  ribs  as  the  frost  left  the  mortar.  They  separated,  at  one  point  as 
much  as  three  inches,  but  retained  their  stability  perfectly,  and  after 
the  cracks  were  filled  and  the  spandrels  built,  no  farther  derangement 
took  place,  and  it  would  take  a  close  observer,  at  this  day,  to  discover 
any  of  the  injurious  results  of  that  hard,  and,  as  many  thought,  precari- 
ous winter  work. 


XVIII. 

AMEEIOAN  SOCIETY  OF  CIVIL  EMINEERS. 


INCORPORATED    185  2, 


TRANSACTIONS. 


ON    BLASTING. 

MEMORANDA  OF  TWO  BLASTS  FIRED  APRIL,  18G9,  ON  THE  UNION 
PACIFIC  RAILROAD. 

A  Paper  presented  by  E.  P.  North,  Civil  Engineer,  Member  of 

the  Society. 

The  cut  was  through  dark  blue  limestone  which  had  been  partially 
taken  out  so  that  there  was  left  in  it  a  mass  about  100  feet  long  and  18 
feet  deep,  with  the  ends  well  squared  nji.  The  average  width  thrown 
out  being  24^  feet,  the  total  amount  was  1,633  cubic  yards. 

The  original  depth  of  the  cut  was  31  feet,  of  which  13  feet  had  been 
removed. 

The  powder  was  put  in  two  wells,  34  and  20  feet  respectively  from  the 
two  faces,  leaving  about  46  feet  between  the  two  blasts. 

The  first  well  was  sunk  vertically  to  grade  (18  feet),  two  chambers 
were  then  excavated  along  the  axis  of  the  cut  each  6  feet  in  length. 
The  second  well,  also  18  feet  in  depth,  had  a  slaut  of  about  10° 
towards  the  first  well,  with  a  chamber  in  the  same  direction  about  4  feet 
long. 

The  wells,  which  were  as  small  as  it  was  possible  for  a  man  to  work 
in  were  blasted  with  nitro-glycerine.  The  first  with  two  chambers  re- 
quired 9  eight  hour  shifts  of  two  men  each,  and  15  lbs.  of  nitro- 
glycerine. 
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Cost  of  \st  Well. 

Labor  18  days  at  S3 854  00 

Nitro-glycerine,  15  lbs.  at  82 30  00 


%U  00 


The  second  well  with  one  chamber  reqiiired  GJ  eight  hour  shifts  of 
two  men  each,  and  11  lbs.  of  nitro-glvcerine. 

Cost  of  M  Well. 

Labor  13  days atS3 S39  00 

Nitro-glyceHne,  11  lbs.  at  S2 22  00 

S61  00 

The  first  well  was  loaded  with  78  and  the  second  with  33  kegs  of 
Ijowder,  111  kegs  in  all,  which  at  25  lbs.  per  keg  is  2,775  lbs.,  or  about 
1 1'o  lbs.  per  cubic  yard.  This  large  amount  of  jiowder  was  used  on  ac- 
count of  the  rock  being  at  the  bottom  of  the  cut,  and  firmly  bound  by  its 
sides.  Also  from  the  nearness  of  the  track,  which  made  it  desirable  to 
throw  as  much  material  out  of  the  cut  as  possible,  to  save  time. 

The  i^owder  was  first  covered  with  logs  firmly  wedged  into  the  wells 
and  then  tamped  with  fragments  of  stone  well  rammed  in  layers.  Three 
fuses  were  used  for  each  charge,  cut  carefully  of  the  same  length.  The 
blasts  were  successful,  exj^loding  within  a  few  seconds  of  each  other. 
Only  about  600  cubic  yards  of  material  were  left  in  the  cut,  which  were 
removed  by  6  eight  hour  shifts  of  18  men  each. 

Cost  of  blasting  and  removing  1,633  mbic  yards  of  rock. 

1st  weU $84  00 

2d     "      61  00 

111  kegs  of  powder  at  $10 1,110  00 

120  feet  of  fuze  at  3  cents 3  60 

Logs,  loading,  etc.,  about 25  00 

Loading  material  left  in  cut  into  carts,  18  men  6  days 

at  $3 324  00 

SI, 607  60 

Or  less  than  %1  per  cubic  yard.  To  which  is  to  be  added  for  super- 
intendence, carting,  etc.,  about  10  per  cent.,  making  a  total  of  $1.10  per 
cubic  vard. 
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SUBMAEINE  BLASTING. 

A   Paper   presented    February   28,    1870,    by   F.   Collingwood, 
Civil  Engineer,  Member  of  the  Society. 

In  excavating  for  the  foundation  of  the  Brooklyn  pier  of  the  East 
River  Bridge,  the  bottom  was  found  to  have,  running  about  through  the 
centre  of  the  excavation,  a  ridge  of  exceedingly  hard  material,  being  com- 
posed of  boulders  of  all  sizes  imbedded  in  compact  clay. 

As  the  dredges  would  scarcely  scratch  the  bottom  after  this  was 
reached,  the  following  method  of  loosening  it  was  adopted: 

A  solid  iron  pile,  18  feet  long  and  5  inches  diameter,  shod  with  steel, 
with  a  ring  at  the  upper  end  for  hoisting,  was  driven  by  an  ordinary 
pile-driver  down  to  the  desired  depth.  On  withdrawing  it,  it  was  found 
that  a  perfect  hole  was  left,  into  which  a  tin  canister  containing  13 
pounds  of  powder  was  easily  inserted.  The  effect  of  the  charge  was  to 
leave  a  crater  reaching  at  the  centre  below  the  desired  bottom.  The 
success  of  the  experiments  was  so  decided  that  another  pile  of  5  inches 
diameter  and  22  feet  long,  and  one  6  inches  in  diameter  and  22  feet  long, 
were  procured.  By  the  aid  of  these,  with  two  pile-drivers,  and  crews, 
and  a  diver  and  assistants,  from  20  to  40  blasts  per  day  were  fired  at  a 
depth  of  18  feet  below  mean  high  tide. 

The  dredge  was  able  (after  the  bottom  had  been  gone  over  in  this 
way)  to  excavate  from  50  to  120  yards  jier  day. 

The  material  was  from  2  feet  to  8  feet  deep. 

Time  of  driving  about  5  minutes. 

Cost  probably  about  ^3  to  $i  per  cubic  yard. 

When  the  pile  fastened  between  two  boulders  it  had  to  be  loosened 
by  blasting  round  it. 

The  economy  of  the  operation  as  compared  with  the  usual  method  of 
drilling  is  very  decided. 


XIX. 

AMERICAN  SOOIETY  OF  CIVIL  ENGINEERS. 

IX  CORPORA  TED    185  2. 


TRANSCATIONS. 


SECOND    ANNUAL    CONVENTION. 


FIRST   DAY'S   PROCEEDINGS. 

Rooms  of  the  Chamber  of  Commerce,  New  York,  June  15,  1870. 

The  President,  A.  W.  Craven,  in  the  Chair. 

The  President  called  the  meeting  to  order  at  2  p.  m.,  and  the  roll  being 
called  by  the  Secretary,  the  following  members  answered  to  their  names, 
viz. :  Messrs.  Adams,  Allen,  Auchincloss,  Brown,  Bacon,  Boiler,  Barnard, 
Brevoort,  Copeland,  Craven,  Constable,  Church,  Coryell,  Croes,  Clark, 
Culver,  Colman,  Collhigwood,  Davidson,  Evans,  Ford,  GiUiss,  Gould,  Hat- 
field, Haswell,  Lowthorpe,  Macdonald,  Morse,  Morris,  McAlpine  (W.  J.,, 
Norman,  Owen,  Rowland,  Swift,  Stanley,  Steele,  Slataper,  Thompson,  Wal- 
ling, Ward  (J.  F.),  Ward  (C.  H.),  Worthen,  Von  Wesseley,  Wilson,  Van 
Buren,  and  Whipple  ;  total,  46. 

The  President  delivered  the  following  address  upon  the  condition  and 
prospects  of  the  Society  ; 

Fellow  Members, — It  is  not  ray  intention  to  trespass  upon  your  time 
with  a  long  address.  In  the  substance  of  the  various  professional  papers 
with  which  I  hear  we  shall  be  favored  to-day,  there  will  undoubtedly  be 


218 

7rmeh  more  ti)  interest  you  than  in  an  address  of  this  kind  ;  and  in  their 
extent  these  papers  will  be  quite  suificient  to  occupy  the  few  hours  of 
this  day's  session. 

It  seems  to  me, however,  that  in  tuis,  our  Annual  Convention,  it  is  proper 
to  advert  in  a  brief  way  to  the  past  history  of  our  Society,  its  present 
condition,  and  its  future  prospects  ;  and  that  we  can  advert  to  them  with 
pleasure,  will,  I  hope  be,  in  some  degree,  a  compensation  for  the  tedium 
generally  attendajit  upon  a  recital  (jt  mere  sfatisstics.  To  bring  before  you 
clearly  owv  present  condition,  as  compared  with  the  past,  I  shall  be  obliged 
to  repeat  some  facts  which  have  been  embodied  in  former  addresses  from 
this  chair.  For  this  I  ask  your  indulgence.  Statistics  do  not  claim  to  be 
original  conceptions,  and  their  repetition  is  therefore  not  plagiarism. 

Our  Society,  as  you  all  know,  was  first  formally  organized  in  the  year 
1852.  At  that  time  there  were  scarcely  enough  members  witiiiu  the  im- 
mediate vicinity  of  New  York  to  supply  incumbents  for  the  offices  alone. 
Still  we  met,  and  strove  our  best  to  nurse  the  infant  in  whose  health  and 
growth  we  all  had  so  deep  an  interest.  We  met,  as  our  early  records 
show,  to  the  number  of  seven — five,  sometimes  three,  on  an  evening,  and 
every  Tnan  present  was  an  official.  We  could  not  afford  to  hire  a  room,  and 
so  our  "corpora,rs  guard,"  or  rather  our  guard  of  corporals,  met  at  night 
in  one  of  the  vacated  rooms  of  the  Croton  Aqueduct  Department  in  this 
city.  There  we  may  be  said  to  have  worked  bard — for  even  if  we  did 
nothing  else,  to  courageously  and  persistently  attend  such  meetings  was 
to  work  hard.  Tlie  struggle  lasted  three  years,  until  at  last,  in  March, 
1855,  we  were  obliged  to  succumb.  Our  failure  seemed  to  be  so  complete, 
that  with  some  of  us  there  was  no  iiope  of  recuperation,  and  had  there 
been  any  means  of  returning  to  absent  members  their  respective  portions 
of  the  money  remaining  in  our  hands,  the  majority  of  the  active  members 
would  have  counselled  such  return.  Some,  however,  still  retained  their 
courage,  and  urged  the  careful  investment  of  our  funds  and  the  safe 
storage  of  oar  few  books  and  papers  until  hoped-for  brighter  days.  The 
result  has  proved  the  value  of  that  courage  and  the  wisdom  of  that  advice. 

Our  syncope  lasted  twelve  years  ;  and  when,  resolved  upon  one  more 
strong  effort  for  life,  we  catne  together  in  October,  1867,  we  started  with  a 
fund  which  added  materially  to  our  strength  and  spirits.  We  took  oiu- pres- 
ent rooms,  and,  80  far  as  our  limited  means  permitted,  we  tried  to  make  them 
attractive.     We  were  no  longer  vagrants.     We  had  at  last  established  an 
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actual  habitation  of  our  own  ;  a  i>oint  to  which  each  member  might  come 
as  to  his  own  house,  and  at  which  he  might  meet  those  who,  with  him, 
were  interested  in  a  common  enterprise;  and  so  we  all  felt  renewed  Iiope. 
That  hope  has.  in  my  opinion,  been  justified  by  events;  for,  although  we 
are  still  far  behind  what  we  all  desire  to  be,  and  though  some  impatient 
hearts  are  still  unsatisfied,  we  have,  considering  the  character  of  our  work, 
and  the  age  of  our  organization,  made  what  may  fairly  be  called  large 
strides.     Look  at  the  facts !     At  the  time  of  re-gathering  for  this  work,  the 
members  on  our  old  register.  ki'Own  to  be  alive  and  thought  to  be  willing 
to  aid  in  the  attempt  to  revive  the  Society,  numbered  in  all  only  twenty- 
eight.     Of  those  wlio  were  present  in  the  city  to  sjteak  positively  to  that 
point,  there  were  but  thirteen.     This  was  in  October.  1867,  not  yet  three 
years  ago.     Now  we  count  upon  our  rolls  179  regular  membeis,  and  the 
number  is  constantly  increasing.     During  the  past  year  th-'  •' Ft-Uowship 
Fund,'"  with  the  object  of  which  you  are  all  familiar,  has  been  established, 
and  has  received  the  names  of  fifty  subscribers.     When  fully  p;ii(l  in,  the 
interest  on  this  fund  will  aid  materially  in  our  annual  necessary  exi)endi- 
ture  for  publication.     "We  have  of  bound   books  and  pamphlets,  which 
have  been  presented  to  the  Society,  about  350  volumes;  besides  a  number 
of  maps,  charts,  and  drawings,  etc. ;  and,  like  our  members,  these  too  are 
constantly  increasing  in  number.     Since  the  commencement  of  the  present 
year  of  the  Society  in  November  last,  we  have  had  meetings  on  the  1st 
and  3(1  Wednesdays  of  every  month.     In  no  one  case  has  it  yet  been  ne 
cessary  to  adjourn  for  want  of  a  quorum,  and  at  many  of  them  the  number 
of  members  present  ranged  from  twenty  to  thirty.     There  have  been  read 
at  these  meetings  numerous  original  papers,  many  of  which  embodied  in- 
formation not  easily  obtainableinany  other  way,  but  most  valuable  in  itself, 
and  showing  ability,  study,  and  close,  intelligent  observation  on  the  p)art  of 
the  writers.   This,  in  a  city  like  ours,  shows  an  interest  increasing,  and  most 
cheering;  for  it  must  be  remembered  that  we  have  not  the  same  advan- 
tages for  collecting  together  a  number  of  engineers  as  are  enjo^'ed  by  the 
cognate  institution  in  London.     For  all  public  operations  in  Great  Britain, 
London  is  the  one  centre,  and  the  proportion  of  her  engineers  constantly 
within  easy  access  of  Great  George  street,  is  far  greater  than  we,  who  are 
accustomed   to  being  thinly  spread,  scattered  broadly  over  an  almost 
boundless  continent,  can  very  well  realize.     When  we  compare,  too,  onr 
inception,  progress,  and  present  condition  with  those  of  the  English  In- 
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stitutioii  of  Civil  Engineers,  humble  as  we  jet  are,  we  find  still  more  light 
on  our  horizon.  Those  who,  with  Smeaton,  commenced  the  first  associa- 
tion of  this  kind  in  Great  Britain  did  so  one  hundred  years  (99)  ago. 
After  a  long  period  of  varying  healtli,  and  sometimes  of  exanimation,  the 
present  Institution  sprung  up  from  out  of  that  first  gathering  about  Smeaton; 
and  even  this  latter  has  been  in  existence  fifty -two  years.  Our  first  gather- 
ing was  but  seventeen  years  ago,  our  sleep  was  twelve  years  in  dura- 
tion, and  our  life  since  our  resuscitation  has  not  yet  completed  its  third 
year  !  I  do  not,  of  course,  mean  to  claim  equality  with  that  eminent  and 
well-established  organization,  the  English  Institution  of  Civil  Engineers, 
but  I  think  it  not  too  much  to  say,  that  so  far  as  any  one,  aided  by  a  fair 
comparison  with  living  examples,  can  predict  the  status  of  the  fviture  man 
from  rhe  physical  and  intellectual  condition  of  the  boy,  we  have  good 
analogical  reasons  for  present  courage  and  confident  hope  in  ultimate 
brilliant  success. 

Another  indication  of  progress,  and  with  it  prosperity,  may  be  found 
in  the  capacity  or  rather  the  want  of  capacity  in  our  rooms.  It  is  a  case  of 
unequal  expansion.  Our  members  have  so  much  increased  in  number,, 
that  frequently  in  our  regular  meetings  our  now  small  apartments  do  not 
furnish  sufficient  space  for  those  attending.  The  same  is  true  as  to  oiu" 
growing  library.  Kindred  associations  by  exchanges,  and  public  institu- 
tions and  individual  members  by  direct  presentation,  have  been  so  courte- 
ous and  generous  in  adding  to  our  store  of  books,  pamphlets,  etc.,  that 
now  we  have  actually  no  room  to  place  what  we  possess  in  accessible 
position ;  and  when  we  come  to  receive  further  donations,  such  as  you 
will  see  by  an  announcement  I  shall  make  in  another  part  of  this  address 
we  have  reason  to  ex[)ect,  it  will  be  impossible,  for  any  practicable  purpose,, 
to  remove  the  books  from  the  boxes  in  which  they  may  be  sent. 

You  will  readily  iierceive  that  this  phase  of  our  progress  superinduces 
the  necessity  of  obtaining  larger  apartments.  For  this  reason,  as  well  as 
to  make  up  the  sum  necessary  for  publishing,  more  funds  than  we  can  yet 
command  are  required.  It  is  therefore  proposed  to- increase  the  amount 
of  the  entrance  fee,  and  of  the  amiual  assessments  ;  and  it  is  believed  that 
such  increase  will  be  cheerfully  concurred  in  by  every  member  of  our 
Society.  Throwing  out  of  the  question  any  other  reason  for  this  increase, 
it  is  safe  to  assert  that,  with  sufficient  funds  for  their  prompt  publication 
and  distribution,  the  papers  read  at  our  meetings  will  be  worth  more  each. 


221 


year  than  the  amount  now  jiaid  or  to  be  paid  for  annual  subscription. 
From  no  other  source  could  be  obtained  at  so  moderate  a  cost,  the  practical 
information  really  valuable  in  our  profession,  which  might  Ije  embodied  in 
the  written  i)ersonal  experience  of  intelligent  and  observant  engineers 
spread  far  and  wide  over  our  vast  tonnliy;  meeting,  combating,  and  over- 
coming exigencies,  which  must  exceed  in  variety  and  novelty  those  arising 
in  any  other  one  country  in  which  the  toot  of  the  engineer  is  making  prog- 
ress. 

Coming  back  to  the  increasing  brightness  of  our  prospects,  and  to  the 
increasing  interest  on  the  part  of  members  which  is  the  sole  cause  of  that 
brightness,  it  seems  an  ajipropriafe  time  for  reference  to  one  of  the  most 
marked  proofs  of  real  interest  in  our  Society  which  has  been  given  from 
any  quarter  since  its  original  organization.  I  refer  to  the  recent  proffer 
to  us  by  our  late  President,  Wm.  J.  McAlpine,  of  a  large  portion  of  his 
professional  library.  Selected  by  a  man  of  fine  aVjility,  excellent  education, 
and  large  j)ractical  experience,  this  donation  must,  beyond  all  doubt, 
contain  works  of  reference  very  valuable  to  our  Society.  The  manner 
and  terms  of  this  offering  are  set  forth  in  a  letter  of  Mr.  McAlpine  which 
was  received  at  our  last  regular  meeting,  and  which  will  be  read  to-day 
before  the  Convention  in  its  proper  order  :  but  it  seems  to  me  that,  with- 
out in  any  degree  intending  to  anticipate,  as  evoked  by  this  address,  any 
portion  of  the  pleasure  solely  referable  to  the  contents  of  that  letter,  it  is 
only  fitting  that  from  this  chair  should  come  a  prompt  acknowledgment  of 
the  value  of  this  gift,  and  a  direct  appeal  to  the  Society  to  receive  this  as 
a  proof  that,  among  its  members,  there  exists  real  life,  real  interest,  and 
real  determination  to  make  our  long  struggling  association  a  final  success. 

In  truth,  we  maj'  assume  that  the  quicksands  in  and  about  our  founda- 
tion have  been  confined,  and  that  abundant  material  of  excellent  quality  is 
close  at  hand  wherewith  to  build  our  superstructure;  and  notwithstanding 
the  modest  doubts  of  some  of  our  members,  I  think  myself  justified  in 
saying  that,  with  the  exception  of  the  Franklin  Institute,  there  is  to-day 
no  khidred  institution  in  our  country,  which  so  far  as  permanent  vitality 
is  concerned  stands  on  a  firmer  base  than  the  American  Society  of  Civil 
Engineers. 

Let  me  not  be  understood  to  infer  that  we  are  now  beyond  the  necessity 
for  exertion ;  on  the  contrary,  now  is  the  very  time  for  effort,  because 
there  is  npw  a  promise  that  it  will  be  repaid.     I  have  mentioned  the  j^re- 
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ceding  facts  only  to  encourage  you  to  exertion,  by  exhibition  of  proof  that 
your  zeal,  if  given,  will  not  be  thrown  away.  But  it  is  needed.  The  dan- 
gers of  the  foundation  are  overcome,  and  the  first  courses  are  secured  in 
place;  but  many  a  goodly  superstructure  has  been  arrested  near  its  com- 
mencement, and  stood  for  years  thereafter  a  monument  of  the  lack  of  abil- 
ity, and  of  practical  resource,  in  its  projectors.  It  is  for  you  now  to  show 
that  there  is  no  lack  of  ability  or  of  zeal  in  this  Instititution.  She  needs 
j-our  aid.  To  secure  even  moderate  advancement  in  the  prosecution 
of  our  work,  your  assistance  is  required,  and  from  every  member  of  the 
Society  it  is  most  earnestly  asked.  There  is  scarcely  a  niember,  old  or 
young,  who  cannot,  from  his  own  experience,  send  in  some  contribution 
in  the  shape  of  a  paper.  Be  it  long  or  short,  it  will  be  welcome,  as  show- 
ing zeal  and  interest ;  and  in  the  vast  variety  of  experiences  throughout 
our  country,  it  can  scarcely  fail  to  contain  some  points  of  information 
novel  and  valuable  to  all  of  us.  Original  papers  form  the  main,  if  not 
the  only,  reliable  food  for  the  permanent  health  of  our  Society.  Tliey 
are  the  suVistance  ;  the  discussions  which  follow  are  the  gastric  juice 
which  helps  that  substance  to  assimilate  with  the  system  and  nourish  the 
body.  The  most  of  this  food  heretofore  has  been  furnished  by  the  resi- 
dent members.  We  ask  the  non-residents,  near  and  far,  to  send  in  their 
I)roportion  of  the  needed  supplies.  If  you  cannot  bring  it  3'ourselves,  and 
thus  give  us  a  double  pleasure,  send  it  either  through  some  friend  or 
directly  to  the  Secretary.  It  will  be  th.inkfully  received  and  fully  appre- 
ciated, and  by  the  aid  of  the  printer  your  contribution  will  be  made  a 
source  of  interest  and  improvement  to  your  fellow-members  in  every  por- 
tion of  our  country. 

Ir)  this  connection  [)ermit  me  to  call  to  your  memory,  and  urge  upon 
your  consideration,  the  question  of  the  Fellowship  Fund.  Upon  this  we 
materially  depend  for  ability  to  continue  the  regular  publication  of  our 
papers.  From  tlie  ease  witli  which  a  very  few  of  our  members  have  ob- 
tained the  names  of  the  fifty-two  present  subscribers,  it  seems  very  cer- 
tain that  the  interest  and  the  will  to  do  this  service  to  our  Society  is  all 
that  prevcjits  us  from  making  this  number  three  times  fifty.  I  believe 
there  is"  scarcely  a  member  among  us  who  carniot  obtain  at  least  one  sub- 
scriber. I  do  not  say  that  each  member  can  number  amcmg  his  friends 
several  persons  able  and  willing  to  subscribe,  but  that  in  the  particular 
community  surrounding  each  one  of  us  individually,  tliere  is  at  least  one 
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person  of  means,  who,  after  a  proper  explanation  of  this  subject,  will  cheer- 
fully become  a  Fellow  of  our  Society. 

Of  the  comparatively  few — not  more  than  one  dozen  in  all — by  whose  zeal 
the  present  number  of  Fellows  were  brought  into  our  Association,  some 
have  obtained  three  or  four  names.  One  member,  Mr.  Rob.  11.  Browo, 
obtained  the  names  of  eight  subscribers  alone,  and  this  within  two  weeks 
after  receiving  notice  of  the  object  of  the  Fund.  All  of  these  names  have 
been  cheerfully  and  in  many  cases  most  gladly  given.  The  request  for 
such  a  subscription  is  not  a  solicitation  for  alms,  or  for  contributions.  The 
object  of  the  Fund  is  an  acknowledged  public  benefit.  To  each  man  of 
property  in  the  country  the  advancement  of  engineering  science  is  a  mat- 
ter of  personal  pecuniary  interest;  for  the  value  of  his  investments,  whether 
in  established  works  or  in  the  i)rosecutiori  of  new  enterprises,  rises  or  falls 
with  the  intellectual  and  moral  worth  of  the  engineer  who  plans  and  car- 
ries out  the  constrnctive  operations. 

Allow  me,  then,  to  ask  your  active  aid  in  this  matter.  If  you  once  set 
about  it  you  will  find  it  an  easier  task  than  you  now  imagine,  and  it  needs 
but  that  each  member  should  undertake  his  portion  of  the  task,  to  speedily 
secure  an  amonnt  which  will  at  once  put  our  Publication  Fund  upon  a 
secure  and  most  efficient  basis. 

In  concluding  this  short  address,  I  beg  to  add  my  thorough  conviction 
that,  with  an  intelligent  apireciation  of  its  value  to  all  of  us,  and  renewed 
efforts  on  the  part  of  its  members,  each  one  who  can  do  so  contributing 
some  item  from  the  stores  of  his  energy,  his  intellect,  or  his  experience, 
our  Society  will  soon  become  what  we  all  have  so  long  wished  it  to  be, 
and  that  its  well-recognized  and  permanent  effect  will  be,  as  foreshadowed 
in  the  2d  article  of  our  constitution  :  ''  The  professional  improvement  of 
'*  its  members  ;  the  encoiiragement  of  social  intercourse  among  men  of 
"  practical  science ;  the  advancement  of  engineering  in  its  several 
"  branches,  and  the  perfect  establishment  of  a  central  point  of  reference 
"  and  union  for  its  members." 
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Communications  being  now  in  order,  the  Secretary  read  the  following 
letter  from  Mr.  W.  J.  McAlpine,  which  had  been  referred  to  the  Conven- 
tion from  the  last  regular  meeting  : 

Office  of  the  Architects  and  Engineers, 

45  N.  Peabl  ST.,  Albany,  N.  Y., 

MayZl,  1870. 

To  Jas.  0.  Morse,  Esq., 

Ti-easr.  Amr.  Soc.  Civ.  Rngs 
Dear  Sir.— Referring  to  a  recent  conversation  with  you,  I  have  now  to 
request  that  you  will  lay  before  our  Society  the  following  proposal : 

That  a  committee  of  yourself,  Mr.  Tracey,  and  Mr.  ,  be  appointed 

to  confer  with  me  and  arrange  for  the  present  custody  and  ultimate  owner- 
ship of  a  large  portion  of  my  library  of  books,  and  bound  volumes  of 
manuscripts  and  drawings. 

For  reasons  hereafter  stated,  I  propose  to  place  these  volumes  in  a 
Trust,  and,  if  the  Society  will  provide  cases  and  keep  them  insured,  to  place 
them  under  the  control  of  its  officers  for  ten  years,  at  the  expiration  of 
which  time,  if  our  Society  continues  upon  a  stable  basis,  the  trustees  are 
to  convey  the  title  of  the  volumes  to  the  Society.  Yourself,  and  some  of 
the  other  members  of  our  Society,  know  the  value  of  these  volumes,  one 
of  which  is  their  completeness  in  regard  to  the  early  history  of  the  profes- 
sion in  this  country,  and  my  desire  is  to  keep  them  together  where  they 
will  be  of  the  greatest  service  to  Engineers. 

The  experience  of  our  Society,  like  that  of  others,  does  not  guarantee  its 
certain  future  maintenance,  and  hence  I  propose  to  place  these  volumes  in 
a  Trust  until  another  decade  shall  determine  its  permanency. 

I  suggest  the  selection  of  three  ex-officio  trustees,  and  two  individuals 
to  be  named  by  me.  For  the  former,  may  be  the  President  of  the  Society, 
the  Engineer  of  Public  Works  of  New  York  city,  and  one  other  official  to 
be  suggested  ;  and  for  the  latter,  my  brother  and  one  other  friend. 

If  the  Society  accepts  tliis  offer,  I  would  suggest  that  the  volumes  be 
catalogued  and  valued  by  its  officers,  and  that  the  members  who  take 
them  out  of  the  Library  shall  be  responsible  to  the  extent  of  such  valua- 
tion. These  and  any  other  arrangements  can  be  adjusted  between  the  com- 
mittee and  myself.  I  offer  these  volumes  to  our  Society  as  a  mark  of  my 
earnest  wishes  for  its  success,  and  of  my  high  regard  for  its  members, 
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with  the  hope  that  it  will  form  a  nucleus  for  such  a  Library  as  our  Society 

ought  to  possess. 

Very  truly  yours, 

Wm.  J.  McAlpin'E. 

On  motion  of  Col.  Adams,  a  vote  of  thanks  to  ?»Ir.  McAlpine  was 
adopted. 

On  motion  of  Mr.  Rowland,  the  following  resolution  was  also  passed : 

"  Resolved,  That  this  Society  accept  the  kind  donation  of  Mr.  McAlpine, 
subject  to  such  conditions  and  restrictions  as  may  be  agreed  upon  between 
himself  and  the  Society." 

The  following  papers  were  then  read  : 

1.  The  Wave  Motion  in  Fresh  Water— W.  J.  McAlpine. 

2.  The  Engineer  in  Courts  of  Law — W.  J.  McAlpine. 

3.  Cast  and  Wrought  Iron  in  Bridge  Construction — F.  C.  Lowthorp. 

4.  Truss  Bridges — S.  Whipple. 

5.  Permanent  Pier  Construction  in  Masonry — Gen.  Barnard. 

6.  Compressed  Air  as  a  Motor — J.  Button  Steele. 

7.  Experiments  on  the  Flow  of  Sand  and  AVater — F.  Collingwood. 

After  the  reading  of  the  above  papers,  the  Society  adjourned,  to  meet 
again  at  11  o'clock  the  following  day  on  board  the  steamboat  chartered  for 
an  excui'sion  around  the  harbor. 

Note. — The  publication  of  the  papers  on  Wave  Motion,  by  Mr.  McAl- 
pine, and  on  Permanent  Pier  Construction,  by  Gen.  Barnard,  are  neces- 
sarily delayed. 


SECOND  DAY'S  PROCEEDINGS. 

J'lm  16th. 

In  pursuance  of  the  adjom-nment,  the  Society  met  at  11  a.  m.,  and  em- 
ployed the  day  in  visiting  such  points  of  engineering  interest  in  the  harbor 
as  time  allowed.  In  addition  to  the  regular  members,  there  were  present 
as  invited  guests  Gens.  Cullum,  Tower,  Wright,  Warren,  Gilraore,  Xewton, 
and  Capt.  Raymond,  all  of  the  Engineer  Corps,  U.  S.  A.;  Forts  Tompkins, 
Hamilton,  and  Wadsworth  were  visited,  and  much  time  was  spent  inspect- 
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iiig  the  operations  in  progress  under  General  Newton  for  the  removal  of 
the  obstructions  at  Hell  Gate. 

Returning  to  the  city  at  six  o'clock,  the  Society  and  its  guests  reas- 
sembled at  the  Astor  House  to  partake  of  the  annual  dinner,  which  was 
characterized  by  good  fellowship,  kind  feeling,  and  professional  sympathy 

throughout. 

Alfred  P.  Roller, 

Seo'etary. 
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NoTK. — The  Societj'  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  the  following  pages — 

E.dractsfrom  a  Paper  read  by  Wm.  J.  McAlpixe,  Civil  Ungineer, 
Member  of  the  Society. 

'ENGINEERS  IN   COURTS  OF   LAW. 

The  Court  always  understands  that  an  engineer  when  called  upon  the 
stand  as  a  witness,  has  been  previously  advised  in  regard  to  the  profes- 
sional questions  upon  which  his  direct  examination  will  be  made,  and 
that  he  has  prepared  himself  by  study  and  reasoning  to  apply  to  the  case 
in  hand  all  of  the  scientific  principles  which  are  necessary  to  eluci- 
date it. 

If  he  is  a  true  man  (to  his  profession)  he  will  always  give  the  results  of 
his  study,  whether  it  bears  for  or  against  the  side  upon  which  he  may 
happen  to  be  called. 

His  mission,  and  his  profession,  is  simply  the  elucidation  of  truth. 

No  provocation  on  the  part  of  the  lawyer  will  justify  the  witness  in 
giving  an  uncourteous  reply,  and  he  is  very  unwise  when  he  thinks  that 
he  can  give  back  a  sharp  or  witty  answer. 

If  the  lawyer  really  uses  improper  language  in  addressing  the  witness, 
the  latter  can  appeal  to  the  Judge 

It  most  frequently  happens  that  the  opposing  counsel  puts  questions" to 
a  professional  witness,  which  would  require  from  him  hours  or  days  of 
deep  study  before  he  can  answer  them  perfectly.    In  such  cases  he  may 
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reply. '"  I  have  not  considered  the  subject  under  that  aspect  sufficiently  to 
reply ;  or.  he  may  say. '"  I  require  a  little  consideration  before  I  can  reply  ; 
I  will  make  a  note  of  your  question  and  answer  it  as  soon  as  pos- 
sible." 

The  witness  is  often  called  upon  to  express  an  opinion  on  some  subject, 
which  is  a  matter  of  exact  or  approximate  measurement  and  calculation  : 
it  is  often  impossible  for  him  to  make  such  calculations  accurately  in  the 
pi-esence  of  a  room  lull  of  people. 

His  proper  course,  under  these  circumstances,  is  to  take  a  note  of  the 
(]iie8tion  and  inform  the  counsel  that  he  will  make  the  calculation  and  give 
it  in  writing.  In  strict  law,  however,  a  witness  on  the  stand  is  not  com- 
pelled to  make  any  calculations,  except  those  of  a  simple  and  elementary 
character.  It  is  as  absurd  to  call  upon  the  engineer  to  perform  duties  of 
a  professional  ciiaracter,  when  upon  the  stand  as  a  witness,  or  to  give 
professional  opinions,  as  it  would  be  for  a  lawyer,  under  the  same  circum- 
stances, to  be  called  upon  for  legal  opinions  ui)on  some  grave  question  of 
law. 

It  is  unwise  to  attempt  to  conceal  from  the  Court  that  the  engineer  has 
been  in  consultation  with  the  lawyers  upon  the  side  on  wdiich  he  has  been 
called,  or  that  he  has  been  or  is  to  be  paid  for  his  services  at  the  usual 
professional  rates. 

It  is  perfectly  proper  for  an  engineering  witness  to  obtain  from  the 
counsel  all  of  the  points  of  the  case  beforehand,  so  that  he  may  carefully 
examine  "  the  books ''  and  duly  consider  the  points  in  his  own  mind,  so  as 
to  be  prepared  to  give  the  Court  the  results  of  his  professional  knowledge, 
experience  and  stud}'.  In  regard  to  all  the  facts  of  the  case,  however,  he 
stands  in  the  same  light  as  an  ordinary  witness. 

In  England,  for  many  years,  the  engineer  has  been  called  into  a  new 
field  of  duty,  viz.,  that  of  acting  as  an  associate  or  adviser  to  the  counsel 
employed,  that  is  in  regard  to  all  of  the  professional  (engineering)  points 
of  the  case. 

This  position  abroad  has  long  since  become  one  of  the  highest  distinc- 
tion, and  has  been  rewarded  with  the  highest  compensation,  and  no  lawyer 
would  now^  venture  upon  the  conduct  of  a  case,  involving  engineering 
questions,  without  the  aid  of  such  professional  assistance. 

Of  late  years  I  have  frequently  been  called  upon  to  undertake  the  inves- 
tigation of  cases  in  courts  of  law,  where  important  engineering  questions 
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were  involved,  and  I  have  invariably  insisted  upon  the  right  to  determine 
the  line  of  the  professional  argument  of  the  case  and  also  to  select  the 
witnesses  to  maintain  it. 

I  admit,  however,  that  it  is  only  more  recently  that  I  have  taken  the 
high  ground  of  the  English  engineers,  but  having  done  so  with  eflfect,  I 
am  satisfied  that  it  may  be  more  frequently  done,  and,  if  others  in  the  pro- 
fession will  do  likewise,  it  will  not  be  long  before  we  shall  open  to  our 
profession  in  this  country  a  new  and  remunerative  field  of  labor,  in  which 
the  engineer  will  win  new  laurels  and  give  new  importance  and  dignity  to 
his  profession. 
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Note. — The  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  the  following  pages — 

Extracts  from  a  Paper  read  by  F.  C.  Lowthoep,  Civil  Enginetr, 
Memher  of  the  Society. 

ON  THE  USE    OF  CAST  IRON  FOR  COMPRESSIVE    MEMBERS  OF 

IRON  BRIDGES. 

There  have  been  many  bi'idges  built  entirely  of  cast  iron,  which,  so 
far  as  I  can  learn,  have  answered  their  purpose  admirably.  More  than 
eighty  years  ago  a  cast  iron  arch  bridge  of  240  feet  span  was  built  at 
Wearmouth,  England,  and  upwards  of  fifty  years  since  another  of  three 
spans  of  240  feet  each,  across  the  Thames  at  Southwark.  Many  others 
have  since  been  erected  in  the  British  dominions  and  on  the  continent. 

On  this  side  of  the  Atlantic  we  have  at  least  two  notable  specimens  : 
one  of  two  spans  of  200  feet  each,  across  the  Schuylkill  at  Philadelphia,  a 
much  admired  bridge,  designed  by  Strickland  Kneass,  Esq.  The  other  a 
bold  and  remarkable,  and,  judging  from  a  photograph  I  have  seen,  a  hand- 
some structure,  built  over  Rock  Creek,  at  Washington,  D.  C.  This  bridge 
has  a  clear  span  of  200  feet,  a  rise  of  20  feet,  and  a  width  of  26  feet  4 
inches,  and  has  two  supporting  arches,  which  are  formed  of  cast-iron  pipes 
four  feet  in  diameter,  through  which  is  brought  the  entire  water  supply 
of  the  city.     It  was  designed  by  Major-General  Meigs,  of  the  U.  S.  A. 
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Hodgkinson,  in  his  experiments  on  columns  or  hollow  cylinders,  the 
bearings  of  which  were  flat  or  at  right  angles  with  their  axes,  found  that 
those  of  48  diameters  in  length  (10  feet  long  by  2}{  inches  diameter)  re- 
quired a  force  of  18,000  lbs.  per  square  inch  to  break  them,  and  that  oth- 
ers of  34  diameters  in  length  (10  feet  long  by  3)2  inches  in  diameter^  re- 
quired 26,000  lbs.  per  square  inch  to  break  them.  His  experiments  also 
demonstrated  the  facts  that  columns  of  the  same  dimensions,  having  both 
ends  rounded,  would  require  but  one-third,  and  with  one  end  rounded  and 
one  flat  end,  two-thirds  of  the  above  forces  to  break  them.  In  many  of 
the  hollow  columns  tested,  at  the  point  of  fracture  the  metal  was  found  to 
be  much  thicker  on  the  one  side  than  on  the  other,  but  they  appeared  to 
be  generally  as  strong  as  those  whose  sides  were  of  uniform  thickness. 
(See  Francis'  work  on  cast-iron  columns.)  Mr.  Whipple,  in  his  valuable 
treatise  on  bridges,  page  52,  observes :  ".  With  regard  to  the  simple  posi- 
tive and  negative  strength  of  iron,  it  is  only  necessary  for  me  to  state,  in 
this  place,  that,  as  the  result  of  a  multitude  of  experiments,  a  bar  of  good 
wrought  iron,  an  inch  square,  will  sustain  a  positive  strain  of  about  60,000 
lbs.,  on  the  average  ;  and  a  negative  strain  in  pieces  of  a  length  not  exceeding 
twice  the  least  diameter,  of  about  90,000  lbs.  Cast  iron  resists  a  positive 
strain  equal  to  from  15,000  to  30,000  lbs.  to  the  square  inch,  but  usually 
not  over  18,000  lbs. ;  in  fact,  it  is  seldom  relied  upon  to  sustain  this  kind 
of  sti'ain,  and  its  power  of  resistance  in  this  way  is  not  so  well  deter- 
mined as  in  the  case  of  wrought  iron.  But  cast  iron  resists  a  negative 
strain  even  better  than  wrought  iron — its  power  of  resistance  being  from 
80,000  to  140,000  lbs.,  seldom  less  than  100,000  lbs.  to  the  square  inch, 
for  pieces  of  a  length  not  exceeding  twice  its  least  diameter.  But  in  pieces 
of  such  dimensions  as  must  visually  be  employed  in  bridges,  fractures 
would  take  place  by  lateral  deflection,  with  a  much  smaller  force  than 
would  crush  the  material. 

"  It  is  therefore  necessary  to  take  into  account  the  length  and  diameter 
as  well  as  the  area  of  cross-section,  in  order  to  determine  the  amount  of 
negative  strain  which  a  piece  of  cast  iron,  or  any  other  material,  may  be 
relied  upon  to  sustain." 

According  to  the  numerous  exiDeriments  of  Major  Wade,  of  the  United 
States  Ordnance  Corps  (see  Haswell's  Engineers'  and  Mechanics'  Pocket 
Book,  pago  484),  we  have  the  following  as  the  comparative  tensile,  com- 
pressive and  torsional  strength  and  hardness  of  wrought  and  cast  iron  : 
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CAST   IRON. 


Tensile.  Compressive.  Torsional.  Hardness. 

Least 9,000  84,529                       1,660  4.57 

Greatest  ....45,900  174,120                        3,060  3.351 

Mean 31,829  144,906                       2,760  22.14 

WROUGHT    IRON. 

Least.- 38,027  40,000  1,296  12.14 

Greatest  ....  74, 592  1 27, 720  1 ,  83G  14.45 

Having  had  some  experience  in  the  construction  of  iron  bridges,  I  will 
state  some  ot  the  facts  which  have  fallen  under  my  own  observation.  Du- 
ring the  years  1856-57,  I  constructed  for  the  C.  &  F.  R.  R.  Co.,  of  Pa.- 
across  the  Jordan  Creek  and  Valley,  a  single  track  Deck  iron  bridge,  about 
1,120  feet  long,  and  89  feet  high  ;  the  bridge  consisted  of  eleven  spans,  of 
100  feet  each  ;  the  side  trusses  (see  Figures  1,  2,  3),  were  double  cancel, 
and  were  divided  into  12  panels  each  ;  they  were  16  feet  high,  and  were 
placed  10  feet  apart  from  centre  to  centre.  Each  lower  chord  (see  Fig. 
4,  C.  C.  C.)  was  formed  of  eight  round  bolts  of  wrought  iron,  which  were 
connected  longitudinally  with  screw  swivels  (B.  B.).  and  laterally  with 
combination  or  angle  plates  of  cast  iron  (D.  D.),  through  which  the  chord 
bolts  (C.  C.  C.)  pass — the  plates  being  held  in  position  by  means  of  the 
jam  nuts  (»  7i). 

The  end  panels  had  each  but  one  chord-rod  (Fig.  1,  C.  C),  which  was 
secured  to  the  base  plates  of  the  end  posts,  in  such  a  manner  as  to  admit 
of  the  free  expansion  and  contraction  of  the  metal  in  the  bridge.  All  of 
the  post  bearings  were  pivot  at  bottom,  and  knuckle-joint  or  hinge  at 
top  ;  the  posts  were  of  cruciform  section,  the  webs  of  the  end  posts  were 
12  inches  wide  by  |  of  an  inch  thick  at  the  middle,  and  tapered  to  about 
5"x|"  at  each  end  (see  Fig.  11) ;  the  webs  of  the  intermediate  posts  va-_ 
ried  from  9"x^"  to  9"x|"  thick  at  the  centre,  and  tapered  to  4"xi"  and 
4"xF'  near  the  ends  (see  Figs.  4  and  10)  ;  enlargements,  recesses,  &c., 
were  made  in  the  posts  for  the  passage  of  the  main  rod,  counter  diag- 
onals, etc.     (See  Figs.  1,  2,  3,  4,  ]0, 11.) 

The  upper  chords  (see  Figs.  4,  G.  G.  G.  and  F.)  consisted  of  hollow  cyl- 
inders, strengthened  with  4  longitudinal  webs,  and  were  turned  off  to  a 
square  bearing  to  receive  the  tenon  of  the  cap  F.  The  plate  H,  to  which 
the  floor  beams  {z  z)  are  secured,  is  made  to  clamp,  loosely,  the  upper 
part  of  the  cap  F,  so  as  to  admit  of  a  free  expansion  and   contraction  of 
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the  frame  of  the  bridge,  the  wood-work  of  the   track   remaining   unaf- 
fected. 

Cross  struts  and  vertical  cross  ties  were  secured  at  every  panel  of  the 
bridge,  as  shown  in  the  end  and  intermediate  sections  (see  Figs.  2  and  3, 
V.  V.  and  s.  s).  The  upper  part  of  the  bridge  was  laterally  braced  through- 
out ;  but  there  was  none  in  the  bottom,  except  the  end  panels  of  each 
span. 

The  bridge  was  supported  on  trussed  piers  of  cast  and  wrought  iron, 
which  varied  from  about  30  feet  to  54  feet  in  height ;  these  stood  upon 
and  were  anchored  fast  to  foundations  of  massive  masonry,  which  were 
raised  a  few  feet  above  high-water  mark. 

The  extreme  end  posts  of  the  bridge  rested  on  abutments  of  masonry, 
the  back  walls  of  which  were  carried  up  to  grade.  Figs.  1,  2,  3,  show  a 
general  outline  of  the  bridge  and  piers  ;  and,  in  the  latter,  the  columns  P. 
P.  P.  were  of  cast  iron,  of  cruciform  section,  excepting  the  ends,  which 
were  cylindrical,  and  were  turned  off  to  fit  into  each  other  with  tenon 
and  socket  joints,  at  the  junction  of  each  section  of  the  piers.  At  bot- 
tom each  column  rested  upon  a  pivot  base,  which  was  bolted  to  the 
coping  of  the  masonry. 

The  cross  struts,  which  were  of  round,  wrought  iron,  2)^  inches  diame- 
ter, passed  through  the  columns  ;  they  had  two  screw  nuts  at  each  end 
(for  struts,  see  s.  s.  s.)  for  the  pui-pose  of  retaining  in  position  the  columns 
and  the  eyes  of  the  diagonal  tie  rods,  t.  1. 1. 

On  the  top  of  each  set  of  columns  (four  constituting  a  set)  was  placed 
a  cast  iron  frame,  which  for  convenience,  1  call  a  spider  frame.  The 
spider  frames  were  adjusted  and  held  in  position  by  means  of  four 
2>^  inch  vertical  screw  bolts,  each  about  15  inches  long,  the  bottoms  of 
which  were  rounded  and  set  in  recesses  in  the  tops  of  the  columns,  the 
nuts  being  let  into  recesses  in  the  underside  of  the  spider  frames.  Pivot 
bearings  were  cast  on  the  top  of  the  spider  frames  for  the  end  posts  of  the 
several  spans  of  the  bridge  ;  the  spider  frames  were  also  connected  to 
each  other  by  the  cross  struts,  tie  rods,  and  a  cast  iron  cornice  ;  the  whole 
being  secured  to  the  masonry  by  means  of  the  guy  rods  (g.  g.)  All  of 
the  posts  and  struts  for  the  bridge  were  used  as  thej'  came  from  the  foun- 
dry, no  machine  work  being  required.  The  difference  in  the  lengths  of 
the  posts  being  adjusted  by  means  of  wrought  iron  washers  placed  on  the 
pivots. 
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All  the  main  and  counter  diagonals,  also  all  of  the  diagonal  tie  braces, 
both  in  the  bridge  and  the  piers,  had  eyes  at  each  end,  but  were  connected 
and  adjusted  witli  screw  swivels.  All  of  the  screw  ends  of  the  bolts  in 
the  bridge  and  piers,  except  the  struts  of  the  latter,  were  enlarged. 

The  contract  with  the  Company  required  all  of  the  wrought  iron  work 
of  the  bridge  to  be  tested  with  a  tensile  strain  of  22,400  lbs.  per  sectional 
inch ;  and  as  there  were  between  5,000  and  6,000,  bolts  it  was  rather  a 
serious  matter.  During  the  operation  of  testing,  several  hundreds  of  the 
bolts  broke  in  the  welded  parts,  most  of  them  in  the  eyes  ;  only  one  broke 
in  the  screw  part,  a  highly  crystallized  |  inch  bolt. 

I  recollect  one  instance  in  which  a  full  set  of  chord  rods  for  one  or  two 
panels,  broke  while  being  tested;  they  had  been  welded,  or  rather  an 
attempt  had  been  made  to  weld  them,  and  although  before  testing  it  could 
scarcely  be  seen  where  they  had  been  united,  so  very  smoothly  and  nicely 
had  the  work  been  executed,  yet  after  being  pulled  apart  it  was  scarcely 
perceptible  where  there  had  been  any  adhesion.  On  a  subsequent  occa- 
sion while  experimenting  with  a  working  model  of  my  testing  machine, 
at  the  Locomotive  and  Machine  Works  of  Trenton,  N.  J.,  I  requested  the 
foreman  of  the  smiths'  shop  to  procure  a  round  bar  of  wrought  iron  one 
inch  in  diameter,  about  four  feet  long,  and  to  have  an  eye  formed  at  each 
end  of  the  same ;  cautioning  him  to  see  that  the  welds  were  perfect. 
When  he  returned  with  the  bar  I  asked,  "  Are  you  sure  that  the  welds  arc 
perfect  ?"  to  which  he  replied,  "  1  will  guarantee  them  "  The  bar  was 
placed  in  the  machine  and  power  applied  until  the  force  reached  16,000 
lbs.  when  one  of  the  eyes  broke,  and  Maj.  Anderson,  of  Fort  Sumpter 
notoriety,  who  was  witnessing  the  operation,  narrowly  escaped  having 
his  leg  broken  by  the  cross  head  flying  back.  Upoii  examining  the  frac- 
ture, not  more  than  two-thirds  of  the  weld  was  found  to  be  sound ;  on 
seeing  which,  the  Major  remarked,  "  That  shows  the  importance  of  having 
all  welded  ivork  tested." 

While  testing  wrought  iron  bolts  I  have  noticed  in  some  instances  bars 
have  been  broken  when  under  a  strain  of  about  60,000  lbs.  per  square 
inch,  presenting  a  fractured  surface  of  fully  one-third  crystalline  texture, 
the  elongation  of  the  bar  being  quite  small.  In  one  instance,  two  bars, 
each  12  feet  long,  were  tested,  the  one  after  the  other  ;  each  bar  broke  near 
the  middle  after  elongating  about  11  inches  under  a  strain  not  exceeding 
40,000  lbs.  per  square  inch.     At  the  point  of  fracture  the  bars  were  re- 
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diiceci  probably  3-32ricis  of  an  iiicli  in  diameter,  the  surfaces  of  the  frac- 
tured parts  were  enlirely  fibrous  and  were  too  hot  to  bandle  witlioiit 
burning  the  hands. 

Tlie  Jordan  Iron  Bridge  at  the  time  of  its  completion  was  one  of  the 
huigest,  if  not  the  longest  in  the  United  States.  There  were  comparatively 
few  Iron  Truss  Bridges  in  the  country  at  that  time,  and  they  were  looked 
upon  rather  in  the  light  of  an  experiment  than  otherwise. 

The  first  stone  of  the  masonry  for  the  bridge  was  laid  August  27, 
1856,  and  during  the  month  of  Jvdy,  1857,  it  was  completed,  and  was 
tested  with  a  load  of  2,520  lbs.  per  foot  lineal,  or  112)^  tons  gross  was 
placed  upon  one  span  and  successively  pushed  and  pulled  over  all  the 
spans  for  the  space  of  about  one  hour  and  a  half,  to  the  entrire  satisfac- 
tion of  the  officers  of  the  Company.  This  bridge  has  been  in  use  about 
thirteen  years ;  and  I  was  recently  informed  by  Joshua  Hunt,  Esq.,  the 
President,  that  it  is  now  in  perfect  order,  and  has  cost  nothing  thus  far  to 
keep  the  iron  work  in  repair. 

The  extension  of  iron  under  a  force  of  22,400  lbs.  to  the  square  inch 
was  uniformly  about  116  of  an  inch  to  every  five  feet  in  length,  and  the 
contraction  precisely  the  same  upon  the  removal  of  the  strain. 

Tlie  results  of  the  testing  proved  conclusively  the  uncertainty  of  welded 
work,  and  the  reliability  of  screw  bolts  ;  and  I  have  ever  since  felt  it  to 
be  my  duty  to  use  as  small  an  amount  of  the  former  as  possible.  I  allow 
no  welds  to  be  made  in  either  the  lower  chord  rods,  or  the  main  and 
counter  diagonals  of  my  bridges.  Of  course  I  use  screw  nuts,  some  of 
which  are  made  by  welding,  but  the  force  exerted  on  the  weld  can  never 
exceed  the  one-fourth  of  that  on  the  bolt,  and  may  answer  its  purpose 
even  though  not  quite  sound.  The  cutting  of  the  thread,  moreover,  will 
test  the  soundness  of_the  weld,  which  can  readily  be  ascertained  by  in- 
spection after  the  cutting.  The  breaking  of  a  nut,  however,  rarely  occurs, 
even  though  the  power  exerted  should  be  greater  than  that  which  takes 
place  in  practical  working. 

While  the  second  span  was  being  erected  I  discovered  some  singular- 
looking  spots  on  the  webs  of  several  of  the  posts,  which  upon  examination 
proved  to  be  sand  flaws,  commonly  termed  honey-combed,  filled  with  a 
mixture  of  sulphur  and  plumbago.  I  had  such  posts  removed,  and  at  the 
request  of  the  President  of  the  Company,  sent  one  of  them — an  end  post — 
(see  Fig.  11,)  to  Catasauqua,  where  it  was  placed  in  a  horizontal  position  in 
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a  hydraulic  press,  and  subjected  to  a  compressive  strain  of  160,000  lbs., 
which  produced  little  or  no  deflection  in  it. 

A  defective  intermediate  post  was  placed  in  my  own  testing  machine., 
and  subjected  to  a  compressive  strain  of  about  53,700  lbs.,  which  caused 
a  downward  deflection  of  the  post  of  about  two  inches,  more  or  less,  from 
which  it  partially  recovered  on  removing  the  strain. 

At  the  foundry  where  cast,  a  sound  intermediate  post  was  placed  upon 
props,  (see  Fig.  10,)  blocks  of  wood  were  placed  each  side  the  vertical  web 
at  the  centre,  a  rectangular  mass  of  iron  of  4,000  lbs.  weight  was  laid  on 
top  the  blocks,  and  was  mounted  l)y  three  men  of  about  150  lbs.  each. 
The  men  then  surged  up  and  down  awliile,  breaking  the  vertical  web  from 
the  bottom  up  to  the  cross  web  at  about  one  foot  from  the  centre  of  the 
post.  Five  men  then  got  on,  and  after  surging  awhile  broke  it  in  two. 
Another  of  the  same  kind  of  posts  was  tried  with  precisely  the  same  re- 
sults. The  last  two  experiments  indicate  a  positive  strain  of  more  than 
.32,500  lbs.,  and  a  negative  strain  of  more  than  66,000  lbs.  to  the  square 
inch,  not  taking  the  surging  into  account. 

I  built  a  bridge  for  the  Central  R.  R.  of  New  Jersey,  at  Bound  Brook, 
the  end  bearings  of  the  upper  chord  of  which  have  neither  been  turned, 
planed,  or  had  a  tool  on  them,  and  yet  these  parts  are  constantly  under- 
going a  compressive  strain  ot  14,000  lbs.  per  square  inch. 

Another  bridge  of  92  feet  spans  on  the  line  of  the  Newark  and  New 
York  R.  R.,  when  loaded  witli  2,500  lbs.  per  foot  lineal,  on  each  track, 
produces  a  strain  on  the  upper  chord  of  19,000  lbs.  per  square  inch  ;  in 
both  cases  the  elasticity  of  the  metal  remains  perfect.  Several  years  ago 
I  erected  an  iron  public  road  bridge,  across  the  Lehigh  river  at  Easton, 
Pa.;  the  bridge  consisted  of  two  spans  of  132  feet  each  ;  each  span  had 
three  supporting  trusses,  there  being  two  carriage-ways,  and  two  outside 
footwalks  ;  each  carriage-way  was  ll}4  f^et  wide,  and  each  footwalk  4  feet 
wide.  The  floor  beams  and  all  parts  acting  by  compression  were  of  cast 
iron,  and  all  those  acting  by  tension  of  wrought  iron.  The  joists  and 
flooring  were  of  wood.  Over  this  bridge  there  has  been  a  great  deal  of 
heavy  teaming;  the  street  railroad  is  also  laid  over  it.  I  have  been  credi- 
bly informed  that  during  the  late  civil  war,  the  troops  marched  over  it 
keeping  step  to  the  music  of  the  life  and  drum,  and  that,  too,  while  the 
bridge  was  otherwise  crowded  with  human  beings.  I  tliought  it  rather 
a  foolhardy  experiment,  as  it  was  quite  light  and  not  designed  to  be  sa 
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used.  I  now  tl)ink  that  all  sucli  briilges  should  be  constructed  with 
such  a  contingency  in  view,  for  should  one  break  don-n  when  so  laden, 
the  result  would  be  terrible. 

The  facts  I  have  stated  prove  beyond  a  doubt,  in  my  opinion,  the 
reliability  of  cast  iron  for  compressive  members  in  bridge  construction, 
either  alone  as  in  anarch,  or  m  combination  with  wrought  iron  or  steel 
as  in  a  truss. 

Cast  iron,  it  is  true,  is  liable  to  defects  such  as  unequal  thickness  in  the 
sides  of  hollow  columns,  cold-shuts,  honey-combs,  etc.,  all  of  which  can  be 
readily  detected  by  competent,  practical  men.  Wrought  iron  also  is 
liable  to  defects,  as  it  comes  from  the  mills  or  forges;  it  may  be  cold-short, 
or  it  may  be  imperfectly  worked  and  welded,  and  when  required  to  be 
worked  into  different  forms  the  welds  are  quite  uncertain. 

Fx'om  what  I  have  observed  and  read  in  regard  to  the  compressibility, 
tenacity,  and  elasticity  of  wrought  and  cast  iron,  I  am  led  to  infer  that  if 
a  bar  of  each  1  foot  long  by  2  inches  square  be  acted  upon  compressively 
the  latter  will  yield  the  most  at  first,  but  as  the  pressure  is  increased  it 
will  yield  less  and  less  until  its  power  of  resistance  becomes  greater  than 
that  of  the  wrought  iron,  when  the  latter  will  give  way. 

It  has  been  suggested  to  my  mind  that  tensively  wrought  iron  may 
have  greater  elastic  power  than  cast,  while  compressively  the  latter 
may  possess  the  greater.  Tensively  sponge  has  a  very  slight  elastic 
power,  but  very  great  compressively.  With  india-rubber  the  case  is 
just  the  reverse. 

But  the  testing  of  cast  iron  in  solid  bars  or  masses  is  by  no  means,  in 
my  opinion,  a  fair  test  of  its  strength  as  used  in  bridge  building.  It  is 
well  known  by  practical  iron  workers  that  the  outside  or  surface  of  cast- 
ings is  harder  than  the  interior  of  the  mass,  and  much  stronger  both 
tensively  and  compressively;  consequently  the  casting  of  it  in  hollow 
cylinders  and  hollow  squares,  the  H,  the  X,  or  cruciform,  and  various 
other  shapes,  adds  greatly  to  its  strength,  (see  Figs.  12,  13. 14, 15, 16  &  17,) 
each  of  which  has  a  sectional  area  of  one  square  inch,  and  a  length  of 
ten  inches.  According  to  Mr.  Whipple's  tables,  the  safe  compressive 
load  for  columns  indicated  by  the  figures  alluded  to,  varies  from  13,000 
lbs.  for  the  square  solid  one,  fig.  12,  to  21,800  lbs.  for  the  hollow  cylinder, 
fig.  16.  I  am  unable  to  state  the  tensile  strength  of  the  columns  of  the 
various  forms  alluded  to,  but  am  led  to  believe  that  the  quality  of  metal 
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and  area  uf  section  being  the  same,  the  greater  the  surface  tlie  greater  the 
strength. 

The  advantages  of  cast  iron  as  a  material  in  bridge  construction,  con- 
sist not  only  in  its  great  power  of  resistance  to  compressive  forces,  but 
also  in  its  susceptibility  of  being  cast  into  any  possible  shape  desired,  at 
the  smallest  cost ;  and  the  percentage  of  corrosion  in  cast  iron  is  very 
much  less  than  in  wrought  iron. 

In  order  to  illustrate  the  advantages  afforded  by  the  use  of  cast  iron  in 
bridge  construction  in  place  of  wrought  iron  alone,  I  will  compare  Ihe 
details  of  a  bridge  designed  by  Mr.  Linville  with  one  designed  by  myself ; 
the  photographs  of  the  latter  are  hanging  on  your  walls.  By  the  "  Lin- 
ville Bridge,"  I  mean  that  generally  known  as  tlie  "Keystone  Co.'s 
Bridge,"  which  is  by  some,  caUed  <i  wrought  iron  bridge.  In  this  bridge 
the  chords  A  A  (Figs.  6  &  7)  consist  of  eye  bolts  made  of  flat  bar  iron, 
connected  at  each  panel  with  round  pins  (B  B)  of  wrought  iron  or  steel, 
on  which  rest  the  lower  ends  of  the  posts  (M  M),  and  to  which  are  at- 
tached the  main  and  counter  diagonals  H  H  &  I.  The  upper  chords  (F  F) 
are  formed  by  placing  between  two  horizontal  i)lales,  two  H  (h)  and 
two  I I  trough  beams  of  wrought  iron.  [In  a  bi'idge  of  a  similar  charac- 
ter at  Easton,  Pa.,  the  top  and  bottom  plates  of  the  chord  vary  from  }^  of 
an  inch  to  ^  of  an  inch,  more  or  less,  in  thickness,  and  about  21  inches 
wide.]  The  angle  blocks  G  G,  which  form  the  upper  bearings  of  the 
main  and  counter  diagonals  are  made  of  cast  iron  ;  they  are  hollow  and 
are  attached  to  tlie  chord  plates  by  means  of  dowel  projections  cast  on 
their  bottom  sides,  which  fit  into  recesses  cut  into  the  plates  for  the  pur- 
pose. The  floor  beams,  M'hich  are  of  wood,  rest  either  on  the  bottom  or 
tojj  chord  plates. 

In  my  bridge,  (see  Figs.  8  &  9)  the  lower  chord  is  formed  of  six  round 
bars  of  wrought  iron  (a  a  a,  &c.)  which  are  passed  through  the  combina- 
tion i^late  or  angle  block  (b  b)  and  are  connected  longitudinally  with  sleeve 
screw  nuts  (m  m)  and  laterally  with  the  plate  (b  b),  the  latter  being  held 
in  position  by  the  jam  nuts  (n  n  n). 

The  chord  rods  (a  a  a)  being  proportioned  to  'the  strain,  the  ends  of  the 
smaller  ones  are  enlarged  so  as  to  screw  into  the  sleeve  nuts  of  the  next 
larger  in  size. 

The  floor  beams  (c  c),  wliich  are  of  wrought  iron,  are  susi»ended  fruin 
and  bolted  fast  to  the  combination  plates. 
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The  upper  chord  (h.  i.  g.)  is  made  of  cast  iron,  and  is  hollow  and  cyl- 
indrical in  form,  excepting  the  part  forming  a  cap  over  the  post,  which 
is  also  hollow,  but  of  rectangular  form  and  very  thick.  The  cap  is  pro- 
vided with  angle  bearings  (P.  P.)  on  top  for  the  nuts  or  the  heads  of  the 
main  and  counter  diagonals  (k.  k.  1.  1.,)  and  beneath  with  suitable  recess 
and  bearing  for  the  top  of  the  post,  and  bearings  on  the  sides  for  the  lat- 
eral diagonal  tie  bolts  (t.  t.)  and  cross  struts  (s.  s.). 

The  ends  of  the  sections  of  the  upper  chords,  and  of  the  tops  and  bot- 
toms of  the  intermediate  posts,  are  turned  off  so  as  to  afford  good  bearings 
at  right  angles  with  their  axes. 

In  order  to  obtain  greater  stiffness  in  the  posts  and  upper  chords,  they 
are  made  largest  in  the  middle,  and  where,  as  in  the  present  instance,  the 
post  is  for  a  double  cancel  truss,  a  middle  piece  (e.  e.)  is  inserted.  This 
piece,  it  will  be  seen,  has  an  opening  for  the  passage  of  the  main  and  coun- 
ter diagonals.  It  is  made  very  strong  and  the  top  and  bottom  parts  close 
the  hollow  ends  (f.  &  d.)  of  the  shaft  of  the  post,  so  that  no  moisture  can 
enter.  The  ends  of  the  main  and  counter  diagonals  are  enlarged  on  ac- 
count of  cutting  the  screws. 

In  my  bridge  the  lower  chord-rods,  although  placed  in  position  and 
bolted  together,  when  there  is  no  strain  on  them,  are  independent  of  each 
other,  and  should  any  of  them,  or  the  main  and  counter  diagonals,  break, 
they  may  be  replaced  without  the  necessity'  of  falsework.  All  of  the  rods 
can  be  thoroughly  protected  with  paint,  and  the  bolts  being  round  thej' 
present  the  smallest  surface  possible  for  coiTosion  or  painting. 

The  only  cross  strain  in  a  combination  plate,  is  that  of  one  set  of  main 
diagonals.  The  combination  plate  affords  a  safe  support  for  the  floor 
beams,  and  a  square  bearing  for  the  bottoms  of  the  intermediate  posts, 
thereby  rendering  the  whole  strength  oi^e posts  available. 

In  my  bridges  no  moisture  can  enter  the  posts,  and  the  bearing  being 
flat  and  at  right  angles  to  their  axes,  their  whole  strength  is  available. 

It  may  be  said  a  post  of  cast  iron  will  not  withstand  the  battering  of  an 
engine  when  it  runs  off  the  track.  ISfo  posts  can  withstand  such  concus- 
sion, unless  constructed  for  the  express  purpose,  which  would  require 
such  an  amount  of  material  as  would  prohibit  their  erection. 

In  my  opinion  every  track  of  a  railroad  over  a  bridge  should  be  j)ro- 
tected  with  guard  rails  of  iron,  so  arranged  as  to  prevent  the  wheels 
leaving  the  track,  by  confining  the  flanges  of  the  wheels  of  the  cars  in 


238 


position,  the  efficacy  of  which  arrangement  may  be  seen  in  the  very  short 
curves  aroiuid  which  our  street  railroad  cars  pass  with  perfect  .afety. 

Although  foreign  to  the  subject  of  bridges,  still  inasmuch  as  the  strength 
of  cast  iron  as  a  material  for  bridge  and  other  building  purposes  is  the 
matter  in  question,  I  think  there  will  be  no  impropriety  in  asking.  With- 
out cast  iron  for  gearing  purposes,  what  would  become  of  the  countless 
factories,  machine  shops,  rolling  and  other  mills,  which  have  caused  our 
towns  and  cities  to  resound  with  the  hum  of  life  and  activity  ?  Or  in 
what  possible  way  can  cast  iron  be  more  severely  tested,  than  when  used 
in  the  form  of  wheels  for  railway  cars  heavily  loaded,  and  dashing  along 
over  rough  railroads  with  the  velocity  of  the  wind  ?  Yet  there  is  more 
danger  of  the  breaking  of  a  wrought  iron  rail,  than  a  cast  iron  wheel. 

In  the  use  of  cast  iron  or  other  materials  in  bridge  construction,  it  will 
not  do  to  be  governed  by  theory  and  figures  alone  ;  good  judgment  formed 
by  observation  and  practical  experience,  is  highly  necessary  in  propor- 
tioning the  various  parts  ;  for  instance,  we  may  choose  between  a  column 
of  6  inches  or  10  inches  in  diameter  ;  in  the  first,  the  area  necessary  may 
require  the  sides  of  the  column  to  be  %  an  inch  thick,  whereas  the  area  of 
the  latter  would  require  the  sides  to  be  but  %  of  an  inch  thick,  both  of 
which  are  according  to  theory  and  calculation.  Both  experience  and  pru- 
dence would  dictate  the  use  of  the  smaller  column  as  best  calculated  to 
withstand  the  vibration  and  shocks  that  might  be  looked  for. 

Although  I  consider  it  exceedingly  unwise  to  reject  cast  iron  for  com- 
pressive purposes,  instances  may  occiu-  in  which  wrought  iron  might  be 
preferable.  In  all  such  cases  the  engineer  will  of  course  be  governed  by 
circumstances. 

The  practical  experience  of  most  engineers  and  builders  will  justify  me 
in  the  assertion  that  there  is  much  more  to  be  feared  from  defects  in 
wrought  iron  used  for  tensile,  than  in  cast  iron  used  for  compressive 
purposes. 
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XIX. 

4 

Note.— The  Society  is  not  responsible,  as  a  l)ody,  for  tlie  facts  and  opinions  advanced 
in  the  following  pages — 

Extracts   from  a   ]yaj)er  read    by   S.   Whipple,   Civil  Engineer, 
Member  of  the  Society. 

ON  TRUSS  BRIDGE  BUILDING. 

My  object  in  calling  up  the  subject  at  this  time  is,  to  endeavor  to  cor- 
rect some  misapprehensions  which  seem  to  have  been  entertained  in  some 
quarters  as  to  the  position  occupied  by  me  in  relation  to  this  branch  of 
the  engineering  profession. 

I  wish  to  notice  a  pamphlet  by  Charles  MacdonaUl,  Esq.,  of  Pennsyl- 
vania, setting  fortli  the  merits  of  a  certain  plan  of  truss,  called  "  the 
Isometric."  Among  other  plans  with  which  comparisons  are  instituted, 
there  is  presented  a  diagram  of  a  truss,  which  the  author  calls  the 
"  Whipple  Truss,"  and  another  which  he  designates  as  the  "  Linville 
Truss."  The  former  contains  an  important  feature,  unlike  anything  ever 
constructed,  recommended,  or  even  tolei-ated  bj'  me  ;  while  the  latter  is  in 
general  featm'es  the  same  as  was  used  and  recommended  by  me  over 
twenty  years  ago,  except  that  Mr.  Linville  has  departed  from  my  practice 
by  using  vertical  posts  at  the  ends  instead  of  the  triangular  end  panels 
of  my  adoption.  The  rectangular  end  panels  are  more  expensive,  and 
may  have  compensating  advantages  in  certain  cases. 

Mr.  Linville  has  also,  according  to  Mr.  Macdonald's  diagram,  given  his 
diagonals  a  greater  inclination  than  45''  from  the  vertical,  a  favorable 
modification,  which  has  also  been  used  by  me  for  many  years. 

It  is  true  that  in  my  original  publication  I  signified  a  partiality  for  the 
450  inclination  on  account  of  its  simplicity  ;  still,  on  page  37  of  that 
work,  it  is  remarked  that  "  when  diagonals  act  by  tension  they  may  slightly 
approach  the  horizontal,  and  when  by  thrust,  the  perpendicular,  without 
disadvantage."  But  neither  by  word  nor  act  have  I  ever  sanctioned  the 
use  of  tension  diagonals  in  connection  with  vertical  posts  with  a  less 
inclination  than  45°. 

Now,  Mr.  Macdonald  represents  what  he  designates  as  the  "  Whipple 
Truss,"  with  diagonals  inclining  only  30°  from  the  vertical. 
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I  desire  here  to  enter  my  emphatic  protest  against  the  imputation  of 
ever  having  tolerated  any  such  practice. 

Col.  Merrill,  in  his  late  work  on  '•  Iron  Raili-oad  Bridges,"  has  introduced 
my  name  in  the  same  unwarrantable  connection.  But  he  has  coupled  Mr. 
Murphy's  name  with  mine,  to  boar  part  of  tlic  load,  though  I  believe  Mr. 
Murphy  is  as  innocent  in  this  respect  as  I  profess  to  be. 

But  what  of  the  Isometric  ?  The  name,  at  least,  as  applied  to  bridge 
trusses,  is  new,  and  euphonic  withal.  Tins  is  a  truss  with  parallel  chords 
witliout  vertical  members  in  the  web  :  one  ot  the  general  types  discussed 
and  compared  in  my  publication  of  1847  with  reference  to  Fig.  A., 
page  14. 

The  discussion  with  reference  to  tliat  figure  was  upon  the  assumption 
of  an  inclination  of  45°  for  diagonals,  and  'not  30o  as  adopted  in  the 
"  Isometrical."  To  this  angle  ol  30o  appear  to  be  due  the  name  and  the 
distinguishing  general  feature  of  the  plan. 

As  to  any  virtue  that  ma^'  be  supposed  to  reside  in  t'lis  particular  inclina- 
tion of  diagonals,  namely,  30°  with  the  vertical  and  60o  with  the  hori- 
zontal, if  time  shall  allow,  I  will  endeavor  to  show  that  it  is  a  far  greater 
departure  from  the  theoretically  best  incliiuition  than  the  angle  of  45° 
assumed  in  my  original  investigations. 

I  am  not  aware  that  there  had  existed  any  examples  of  the  parallel 
chord  truss  without  verticals,  prior  to  theu'  construction  by  me  over  20 
years  ago,  with  the  important  exception  ot  the  plank  lattice  bridge.  This 
was  first  known  to  me  under  the  name  of  "  Town's  Lattice  Bridge,"  and  it 
was  a  very  cheap  and  serviceable  bridge  when  properly  consti'ucted. 

The  Lattice  contained  the  general  principles  of  action  contained  in  the 
Whipple  "Cancel-truss  without  verticals  "  (with  its  uncouth  designation) 
the  '■  Warren  Girder."'  the  "  Triangular,"  and  the  "Isometrical"  Truss. 

I  have  never  learned  that  any  one  before  myself  ever  attempted  to  point 
out  in  detail  the  principles  of  action  in  the  Lattice  truss,  and  the  proper 
proportions  of  its  parts.  1  had  only  seen  it  mentioned  as  the  result  of  an 
"  ingenious  mode  of  constiucting  a  Deep  Beam"  as  it  was  called. 

Whether  the  truss  without  verticals  was  originally  suggested  to  me  by 
the  Lattice  I  am  unable  to  say  at  this  late  hour.  It  may  or  may  not  have 
been.  But  somehow  it  occurred  to  me,  apparently  after  the  arch  truss 
Fig.  8  (of  Whipple's  Bridge  Building)  had  been  discussed  and  compared 
with  the  truss  "xiOi  verticals.  Fig.  7,  that  a  plan  in  which  Qy(t\')'  member 
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of  the  web  system  should  do  sometliiiig  in  the  way  of  advancing  the 
weight  toward  the  abutments,  might  possess  advantages  over  one  having 
vertical  members  merely  to  transfer  the  action  of  weight  directly  from 
chord  to  chord  without  advancing  it  at  all  horizontally. 

<Vinsequently  Fig.  A  was  constructed  to  correspond  generally  with  Fig. 
7.  and  a  comparison  instituted  between  the  amounts  of  action  upon  ma- 
terial in  the  two,  which  showed  a  result  in  favor  of  truss  without  verti- 
cals, both  over  truss  7,  and  the  arch  truss  Fig.  8,  and  the  plan  without 
verticals  was  adopted  (by  me)  for  wooden  bridges  especially. 

But  for  iron  bridges,  in  which  I  was  inclined  to  the  use  of  cast-iron  for 
tlirust  members,  the  shorter  length  of  vertical  thrust  pieces  in  connection 
with  certain  practical  considerations,  seemed  to  be  a  full  offset  against 
the  theoretical  advantage  of  the  truss  without  verticals. 

Siill,  if  wrought  iron  is  to  be  used  exclusively  for  railroad  bridges,  as 
many  engineers  think  it  should  be,  it  is  not  very  unlikely  that  vertical 
members  in  the  web  will  eventually  be  generally  discarded,  though  the 
theoretical  difiference  in  the  economy  of  the  two  systems  is  not  so  great 
that  practical  considerations  may  not  often  be  an  overbalance. 

Mr.  Macdonald's  comparisons,  like  my  own,  show  a  superiority  in  gen- 
eral economy  for  the  truss  wthout  verticals.  But,  in  his  case,  the  result  is 
owing  to  a  mistaken  assumption  as  to  the  inclination  of  diagonals  in  the 
real  Whipple  truss,  and  to  the  loss  of  economy  in  the  regular  end  panels 
of  the  Linville  truss.  Had  he  based  his  computations  upon  a  genuine 
Whipple  "  Trapezoidal  truss,"  as,  for  instance,  his  Linville  diagram,  with 
the  end  panels  replaced  by  triangular  ones,  the  result  would  not  have  ap- 
peared so  disparaging  to  the  latter,  or  so  triumphant  for  the  Isometric. 

As  a  verification  of  this,  if  we  take  a  truss  of  10  panels,  corresponding 
in  length  and  depth  with  Fig.  46,  page  180  of  my  book,  we  may  form  a 
truss  similar  to  the  Isometric,  only  the  diagonals  will  incline  a  little  more 
than  30°  (a  change  favorable  to  the  economy  of  the  truss)  ;  and,  estima- 
ting material  upon  the  same  basis  as  was  done  with  regard  to  the  trusses 
compared  in  the  table,  on  page  182,  we  shall  find  the  representative  for 
tension  and  thrust  material,  each  about  48.36,  against  tension  50.5,  and 
thrust  46.94,  for  the  truss  Fig.  46 — a  difference  merely  nominal. 

Again,  taking  the  Isometric,  as  exhibited  by  Mr.  Macdonald,  with  14 
panels,  and  the  Trapezoid,  with  diagonals  crossing  two  panels,  with  an  in- 
inclination  of  1.154  horizontal  to  1  vertical  reach,  the  representative  num- 
bers will  be.  for  the 
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Isometric,    117.86  thrust  material ;  117.80  tension  d().=235.72  Total. 

Trapezoid,  115.77      "  "  122.45      "         "  =238.27      '• 

being  about  2  per  cent,  advantage  for  the  latter  on  thrust  material,  and 
nearly  4  per  cent,  for  i\\e  former  on  tension  material ;  and  a  fraction  over 
1  per  cent,  average  advantage  for  the  Isometric. 

Mr.  Mcdonald  figures  19  per  cent,  average  advantage  for  the  Isometric 
over  the  Linville,  upon  the  weh  system  only ;  which  should  be  6  to  7  per 
cent,  on  the  whole  truss — the  web  system  comprising  about  I  of  the  ma- 
terial. My  own  figuring  shows  the  average  advantage  of  the  Isometric  to 
be  7-1%  per  cent.,  and  of  the  Trapezoid  about  6  /„  per  cent.,  over  the  Lin- 
ville. 

These  results  are  obtained  on  the  assumption  that  the  material  will  sustain 
the  same  stress  to  the  square  inch,  whether  of  thrust  or  tension,  in  one  plan 
as  in  the  other,  which  is  generall}^  true  as  to  tension,  and  substantially 
so  as  to  the  upper  chord.  But,  as  to  the  web  system,  it  will  depend  con- 
siderably upon  the  form  and  proportions  of  thrust  pieces — a  matter  de- 
pendent upon  the  skill  and  judgment  of  the  designer. 

From  the  above  statements,  if  my  computations  are  correct  (and  they 
agree  substantially  with  Mr.  Macdonald's),  it  appears  that  the  Isometric  has 
no  material  theoretical  advantage  over  the  Trapezoid,  with  a  proper  incli- 
nation of  the  diagonals.  But,  on  pages  14,  15,  and  16  of  my  Bridge  Build- 
ing, it  is  shown  that,  with  diagonals  at  45°,  in  both  cases,  the  truss  with- 
out verticals  requires  6  or  8  per  cent,  less  material  (at  the  same  stress  per 
square  inch)  than  the  truss  with  verticals  ;  other  conditions  the  same. 

I  obtam,  also,  about  the  same  result  from  comparison  of  action  upon 
Double  Cancelled  trusses  of  16  panels,  having  diagonals  at  45°.  (See 
Figures  39  and  40,  pages  141  and  146,  Bridge  Building.)  This  difference 
from  results  obtained  in  comparisons  with  the  Isometric  arrangement, 
arises  from  the  fact  that  in  the  latter  case  we  used  a  more  favorable  in- 
clination for  diagonals  in  the  Trapezoid,  and  the  less  favorable  one  for 
the  truss  without  verticals ;  for  it  is  well  known  that  tension  diag- 
onals act  with  best  economy  at  45>^ ;  and  it  is  obvious  that,  at  a  given 
stress  to  the  inch,  as  assumed  in  this  case,  the  same  must  be  true  also  of  thrust 
diagonals.  Hence  45o  must  give  the  best  possible  results  for  the  truss 
without  verticals,  ui)on  this  hypothesis.  In  practice,  however,  in  case  of 
thrust  diagonals,  having  no  lateral  supijort  from  end  to  end,  according  to 
the  conclusion  reached  in  page  161,  Bridge  Building,  the  best  economy  is 
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obtaiiieil  by  an  inclination  of  about  35i^o  (0.707  hor.  to  1  vert.).  Conse- 
quently, the  best  economy  for  thrust  and  tension  diagonals,  equally  in- 
clined, must  be  very  near  the  mean  of  35°  for  the  one.  and  45°  for  the 
other  ;  that  is,  40o. 

Therefore,  when  we  can  obtain  this  inclination,  or  a  near  approximation 
U)  it.  with  the  best  proportion  of  length  to  depth  of  truss,  and  a  desirable 
length  of  panel,  we  may  rest  satisfied  that  we  have  all  the  advantage  the 
nature  of  the  case  admits  of.  in  a  truss  withf)ut  verticals.  But  when  the 
above-named  proportion  and  length  of  panel  drive  us  to  an  inclination  of 
thrust  and  tension  diagonals  in  combination,  greater  than  45°,  or  less  than 
35°,  should  such  cases  ever  occur,  we  may  feel  equally  assured  that 
the  theoretical  advantage  of  the  system  without  verticals  is  of  very  trifling 
moment. 

With  regard  to  diagonals  acting  upon  vertical  posts,  by  increasing  the 
inclination  beyond  45°,  though  we  lose  somewhat  on  diagonals,  we  di- 
minish the  action  on  verticals  at  a  greater  ratio  ;  whereas  inclining  at  less 
than  450,  we  lose  on  both  classes  of  members.  Hence,  as  a  general  rule, 
we  should  never,  in  this  combination,  use  a  less  inclination  than  4.oO 
from  the  vertical,  but  should  adopt  a  greater,  within  certain  limits, 
when  practicable,  with  due  regard  to  proper  proportions  of  tlie  truss 
in  other  respects. 

T  would  in  this  connection  call  attention  for  a  moment  to  what  I  re- 
gard as  gross  malpractice,  in  the  case  of  most  builders  of  Howe  bridges. 
I  consider  it  well  established  that  thrust  braces,  considered  indepen- 
dently, should  not  incline  less  than  35°,  while  at  45°  they  lose  less  than 
10  per  cent,  in  economy,  while  the  expense  of  tension  verticals  is  (in 
general)  diminished  in  proportion  to  increase  of  horizontal  reach  of 
braces.  Hence,  by  extending  braces  (m  long  spans)  across  two  panels, 
nearly  one  half  the  expense  of  vertical  bolts  is  saved,  with  a  small  increase 
in  expense  of  braces. 

But  I  fear  I  have  become  tedious. 

Now,  if  I  have  accomplished  anything  valuable  in  the  way  of  ad- 
vancing the  science  of  Bridge  Construction,  it  consists  more  in  the 
introduction  of  proper  dimensions  and  proportions  of  parts  in  the  truss, 
than  the  discovery  of  any  new  combinations  which  can  be  recommend- 
ed as  absolutely  the  best  for  all  occa  sious. 

The  counterbraced  arch  truss,  which  has  been  extensively  used  with 
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good  effect,  was,  I  believe,  first  put  in  a  feasible  shape  for  iron 
bridges  by  me,  and  was  thought  to  contain  enough  of  novelty  in  its 
arrangement  to  justify  the  issuing  of  Letters  Patent,  which  did  not,  how- 
ever, greatly  enrich  the  patentee. 

The  Trapezoidal  truss,  with  and  without  verticals,  though  depending 
upon  combinations  so  old  that  "  the  memory  of  man  "  (especially  the 
present  generation)  "  runneth  not  to  the  contrary,"  still,  perhaps,  owea 
something  to  me  for  economical  form  and  proportions. 

These  three  are  all  good  plans,  and  each  has  its  proper  occasions 
where  it  may  justly  claim  precedence  over  all  others.  On  the  contrary, 
each  may  be  abused  in  careless  and  unskilful  hands,  so  as  to  make  a 
very  inferior  bridge.  Mr.  Macdonald  and  Gul.  Merrill,  by  unduly  pitching 
up  the  diagonals  used  in  connection  with  verticals,  have  made  it  appear 
that  the  Isometric  and  the  Post  trusses  are  vastly  superior  to  what  these 
gentlemen  are  pleased  to  term  "  The  Whipple  Truss  ;"  and  considering 
that  the  Isometric  and  the  Post  trusses  are  merely  modifications  (and  not 
very  favorable  modifications  either)  of  a  type  of  truss  first  used  and 
thoroughly  discussed  by  me. 


XIX. 

6 

Note. — The  Societj--  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  the  following  pages — 

Extract  from  a  paper  read  by  J.  Dutton  Steele,  Civil  En- 
gineer, and  3Iember  of  the  Society. 

COMPRESSED   AIR   AS   A  MOTOR   FOR   SUBTERRANEAN 
RAILWAYS. 

With  reference  to  the  leading  characteristics  of  compressed  air  as  a 
motor,  I  will  proceed  to  consider  its  possible  application  to  subterranean 
railways,  and  in  doing  so  will  assume  as  a  basis  for  discussion,  that  we 
have  a  double  track  railway  ten  miles  in  length,  with  moderate  curvature 
and  reasonable  grades,  and  an  air  pipe  along  the  centre,  of  ten  or  twelve 
inches  in  diameter,  with   compressing  macliinery  at  either  end  driven  by 
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steam,  of  sufficient  capacity  to  maintain  a  pressure  in  the  pipes  of  any 
given  standard.  Let  iis  also  assume  that  we  have  an  endless  wire  rope 
passing  along  the  centre  of  each  track  supported  ripon  pulleys,  and  that  it 
can  be  ke])t  tiglit ;  and  to  compensate  for  its  expansion  and  contraction  by 
changes  of  temperature,  that  it  is  passed  round  double  pulleys  of  larger 
diameter  at  stated  intervals,  say  every  half  mile.  These  double  pulleys 
may  be  arranged  in  vertical  planes,  so  that  the  lower  of  each  pair  may 
move  in  its  pedestal  and  be  weighted  to  take  up  the  slack,  whilst  those 
(m  the  top,  which  receive  the  rope  at  the  level  of  the  rails,  are  fixed  upon 
their  axles,  and  jirovided  with  cranks  for  the  application  of  power.  T 
would  next  propose,  that  at  each  of  these  main  pulley  stations  a  stationary 
air  engine  is  placed  to  move  them,  each  engine  drawing  its  power  from 
the  air  main  in  the  centre  of  the  road.  We  should  thus  have  our  drivhig 
rope  moved  by  twenty  stationary  engines,  distributed  along  the  line,  act- 
ing in  unison,  connected  by  telegraphic  signals,  and  working  under  the 
same  pressure.  It  only  remains  to  transfer  that  motion  to  the  cars.  The 
wire  tramways  now  building  in  Europe  for  the  transportation  of  ore 
and  fuel  in  the  raining  and  manufacturing  districts,  consist  of  endless 
wire  ropes,  supported  upon  pulleys,  which  are  fixed  to  strong  posts,  and 
elevated  more  or  less  above  the  surface,  with  the  moving  power  at  the 
ends.  Upon  these  wire  ropes,  boxes  or  cars  are  suspended  at  intervals, 
which  contain  the  load,  and  which  move  with  the  rope,  and  are  passed 
without  difficulty  over  the  pulleys,  the  opposite  rope  taking  back  the 
empty  cars.  The  weight  of  the  suspended  load  produces  the  necessary 
friction  for  transmitting  the  motion  of  the  rope  to  the  cars.  The  rope  as 
proposed  for  a  subterranean  railway  is  in  a  better  j^osition  for  such  use 
than  in  the  wire  tramway.  Let  us  then  suppose  brakes  dropped  from  the 
cars  upon  the  driving  ropes,  so  as  to  transfer  only  so  much  of  the  weight 
of  the  cars  to  the  rope  as  may  be  necessary  to  communicate  the  motion, 
we  should  then  have,  by  the  use  of  brakes  upon  the  rope,  and  brakes 
upon  the  wheels,  the  means  of  stopping  and  starting  the  cars  at  pleasure. 


246 


XIX. 


NoTK. — The  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  the  following  pages — 

Extracts  from  a  imper  read  hijY.  H.  Collingwood,  Cwil  Engineer, 
Member  of  the  Society. 

EXPERIMENTS  ON  THE  POWER  OF  WATER  TO  TRANSPORT 
SAND  IN  SLUICES. 

In  discussing  various  plans  for  excavating  and  removing  the  sand  from 
underneath  the  New  York  caisson  of  the  East  River  Bridge,  the  question 
arose  as  to  how  much  sand  a  given  stream  would  carry,  under  the  most 
favorable  conditions  as  to  slope,  form  of  sluice,  etc.  By  direction  of  Col. 
Roebling  the  following  experiments  were  made  for  determining  approxi- 
mately these  points  : 
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The  apparatus  employed  was  very  simple,  consisting  of  a  large  cubical 
box,  accurately  levelled,  and  placed  conveniently  for  the  final  reception  of 
the  water  and  sand.  The  sluices  were  troughs  20  feet  long,  having  a  wide 
hopper-like  enlargement  at  their  upper  ends,  into  which  the  sand  was 
thrown,  and  the  water  discharged.  One  of  these  was  made  12  inches 
wide,  with  vertical  sides,  the  other  4"  wide  on  the  bottom,  12"  at  top, 
and  12"  high. 

Experiments  Nos.  6  and  1  were  made  with  the  wide-bottomed  sluice, 
but,  beyond  a  ditfereiice  in  velocity,  the  results  are  not  conclusive  as  to 
form. 

Experiment  No.  4,  compared  with  No.  6,  shows  clearly  in  favor  of  the 
latter  ;  but  this  is  probably  due  to  more  sand  being  thrown  in  during  No. 
6,  as  we  find  Nos.  5  and  7  reversing  this  result. 

From  the  slope  assumed  by  the  sand  in  the  sluices  in  Nos.  2  and  3,  viz.. 
1  in  11,  it  was  inferred  that  an  inclination  of  1  in  10  would  probably  make 
the  sluice  clear  itself,  and  this  result  was  obtained  in  Nos.  4  and  6. 

The  practical  difficulty  seemed  to  be  to  graduate  properly  the  quantity 
of  sand  thrown  in,  so  as  to  get  a  maximum  discharge.  As  the  labor  in- 
volved was  considerable,  the  experiments  were  not  continued  long  enough 
to  arrive  at  average  results.  The  fact  was  demonstrated,  however,  that 
100  parts  of  water  would  carry  at  least  40  of  sand. 

The  sand  used  was  very  coarse  and  heavy,  with  occasional  small  peb- 
bles intermingled  with  it. 
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At  a  meeting  of  the  Society,  Sept.  21,  1870. 

Vice-President  J.  \V.  Adams,  in  tlie  Chair. 

HISTORY  OF  THE  IRON  RAILS  UPON  THE  MICHIGAN, 
SOUTHERN  AND  NORTHERN  INDIANA  RAILWAY. 

A  paper  presented  by  Charles  Paiue,  Civil  Engineer,  Member 
of  the  Society  ;  with  remarks  on  the  Construction  and  Wear  of 
Rails,  by  J.  Diitton  Steele,  Civil  Engineer,  Member  of  the 
Society. 

About  330  miles  of  this  line  were  laid  down  in  the  year  1851,  and 
operated  immediately  thereaiter  with  a  considerable  traffic  j  but,  the 
Company  being  then  engaged  in  the  construction  of  branch  lines,  no 
accurate  account  of  expenses  or  renewals  was  kept  until  the  branches  were 
finished,  in  1857,  when  the  length  of  track  owned  by  the  Company,  includ- 
ing sidings,  was  567  miles. 

I  have  included  sidings  in  the  length  of  track  and  in  all  calculations  of 
the  averages  of  wear,  because,  taking  into  account  the  excessive  service  at 
the  termini  and  principal  stations,  the  sidings  will  require  as  much  iron 
for  renewals  as  an  equal  length  of  main  line. 
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The  gradients  and  curves  upon  this  road  are  light,  the  maximum  gra- 
dient 28  feet  per  mile,  and  the  sharpest  curves  of  about  1,900  feet  radius, 
excepting  a  few  short  planes  and  curves  upon  the  branch  lines,  which  are 
more  severe. 

The  iron  rails  first  laid  upon  the  road  were  nearly  all  of  British  manu- 
facture, of  56  and  57  lbs.  per  yard,  "  Erie  pattern,"  with  a  pear-shaped 
head,  3i  inches  high  and  4  inches  base  ;  about  fifty  miles,  of  similar  sec- 
tion, from  Brady's  Bend,  Pa.,  which  proved  dangerously  brittle,  liaviug 
been  tlie  only  American  rails  now  known  to  have  been  laid  in  the  first 
track.  Tiie  British  rails  were  made  from  piles  apparently  composed  of 
only  one  kind  of  iron,  presenting  an  even,  granular  fracture  throughout 
tlie  section,  and  were  much  better  welded  tliau  any  made  in  England  or  in 
America,  which  we  have  since  procured  to  replace  them.  They  were  15, 
18  and  21  feet  long — chiefly  18  feet;  partly  laid  with  cast  iron  and  partly 
with  wrought  iron  chairs  ;  the  joints  opposite,  and  resting  upon  a  single 
tie.  The  sleepers  were  mostly  of  white  oak,  laid  2}4  feet  iapart  centres  ;  8 
fVet  long,  6  inches  thick,  and  from  6  to  9  inches  wide.  The  ballast  was 
of  sand,  or  very  flue  gravel ;  but  the  road  bed  was  not  thoroughly  bal- 
lasted— in  parts,  not  at  all. 

As  would  be  expected  from  these  conditions,  the  rails  were  rapidly 
braised  at  the  ends  ;  so  that  as  early  as  1856  those  laid  previous  to  1852 
were  in  desperate  need  of  repairs,  and  a  force  of  smiths  was  in  that  year 
set  at  work  mending  them ;  by  which  means  a  large  proportion  ot  the 
rails,  which  had  to  be  removed  because  of  their  bruised  ends,  were 
restored  to  the  track.  The  condition  of  the  main  line  was  also  helped,  by 
taking  the  sound  rails  from  sidings  and  branches,  and  replacing  them  with 
battered  or  mended  rails,  so  tliat  the  necessity  for  the  purchase  of  new 
rails  for  repairs  was  postponed. 

Since  1859,  the  surface  of  the  track  has  been  maintained  in  excellent  con- 
dition, and  the  road  has  been  in  as  good  order,  in  respect  to  depth  of  bal- 
last, drainage,  and  prompt  renewal  of  sleepers  as  any  of  the  best  lines  in 
the  United  States ;  so  that  rails  have  had  a  fair  chance  to  show  good 
results  in  wear,  if  the  nature  of  the  metal  from  which  they  were  made  and 
the  mode  of  its  manufacture  would  permit.  It  would  have  been  better 
for  the  track  and  for  the  roUing  stock,  if  repairs  had  begun  sooner,  and  if 
they  had  l)een  more  liberal  in  amount,  at  first ;  (or  the  tables  given  here, 
which  sIkav  what  was  done  by  way  of  repairs,  do  not  fully  indicate  what 
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ought  to  have  been  done,  but  only  what  it  was  possible  to  get  along 
with. 

A  considerable  and  judicious  economy  was  effected  by  the  mending  of 
rails,  instead  of  le-rolling  them,  since  the  cost  of  re-rolling  has  averaged, 
during  tne  period  included  in  this  account, about  $3,500  per  mile,  Avhile  the 
cost  of  repairing  rails  by  hand  has  averaged  about  $600  per  mile  ;  the 
nitiidod  rail  not  being  so  good,  of  course,  as  the  re-rolled  rail,  but  serving 
the  purpose  of  keeping  the  track  in  a  condition  of  comparative  smooth- 
ness. 

On  a  })art  of  the  main  line,  18  miles  in  length,  which  had  already 
been  re-laid  with  mended  iron,  where  the  grades  were  very  liglit  ami  few 
curves,  it  was  found  that  the  mended  rails  averaged  a  wear  of  twenty 
months  before  being  taken  up  to  be  again  repaired  ;  on  branches,  they 
wore  longer. 

The  meial  laid  down  in  renewing  the  track,  except  about  30  miles  of 
British  iron,  has  been  chiefly  re-rolled  rails  of  61  lbs.  weight,  per  yard,  with  a 
pear-shaped  head  ;  4  inches  high  and  4  inches  wide  on  the  base.  About  50 
miles  were  laid  with  fished  joints,  for  which  the  section  is  of  improper 
shape,  and  which,  of  course,  did  not  do  well  ;  the  remainder  was  laid  with 
a  modilicatidii  of  the  "  Howe  joint,'"  shown  in  the  drawing  attached  to 
this  paper.  This  joint  has  proved  tlie  best  of  any,  upon  a  light,  sandy 
ballast,  the  only  material  which  was  available  upon  this  line,  and  one 
wiiich  retpiires  that  the  joint  sIiduLI  have  the  broadest  and  steadiest  bear- 
ing upon  it  which  can  be  devised.  Reports  of  the  condition  of  all  the 
rails  removed  from  the  track,  show  that  where  the  plate  chair  upon  a 
single  tie  is  in  use.  -,Vu  of  the  whole  number  are  bruised  at  the  ends  only  ; 
whereas,  upon  the  portions  of  the  line  where  the  Howe  joint  is  laid  I'luj  of 
the  whole  are  so  bruised.  Since  1858  the  centres  of  the  sleepers  have 
been  laid  2  feet  apai't ;    since  1864  the  sleepers  hive  been  9  feet  long. 

It  will  be  observed  in  the  tables  that  the  rails  of  1864  and  1865  proved 
exceptionally  bad.  Previous  to  1864,  the  rails  had  been  re-rolled  in  "  two 
high  "  rolls,  from  solid  piles  of  from  6i  to  7^  inches  square  (sometimes 
composed  entirely  of  re-worked  rails,  sometimes  with  a  head-flat  of  harder 
metal),  into  rails  21  feet  long.  At  this  period,  the  enormous  cost  of 
iron,  owing  to  the  rebellion  and  to  the  tariff,  caused  railway  managers  to 
seek  for  the  cheapest  quality  which  could  be  obtained  ;  and  although 
re-rolled  rails  were  then  evidently  inferior  to  the  rails  first  laid  down,  and 


252 

were  wearing  out  with  alarming  rapidity,  resort  was  had  to  "  three  high 
rolls,"  and  to  piles  from  9  to  10  inches  square,  in  which  were  from  three  to 
six  pieces  of  old  rails  which  had  not  been  broken  down  into  flats  ;  and 
these  piles  were  rolled  out  into  rails  27  feet  long.     This  mode  of  manufac- 
ture continued  until  near  the  close  of  1867 ;  by  returning,  then,  to  solid 
piles — in  some  reducing  them  in  size,  and  by  the  use  of  raw  puddle-bar 
between  ths  harder  head-flat  and  the  re- worked  old  rails — better  welding 
has  been  secured,  and  the  resulting  wear  has  been  much  prolonged  ;  yet 
these  rails  are  not  equal  in  quality  to  those  made  from  1860  to  1863.     The 
length  adopted  for  rails  after  1865  was  24  feet.     Since  this  time,  it  has 
been  found  that  the  larger  the  proportion  of  new  metal  introduced  into 
the  piles,  the  better  have  been  the  rails — x  result  probably  due  to  the  fact 
that  a  great   part  of  the  rails  which  were   being   re-rolled,  having  been 
re-worked  once  or  twice  before,  had  become  quite  unfit  for  making  rails 
again.     Although  this  experience  of  1864-5  was  convincing  that  the  solid 
pile  is  better  than  one  composed  in  part  of  old  rails,  not  broken  down, 
yet,  as  many  rail  makers  and  some  engineers  still   maintained  a  contrary 
opinion,  an  experiment  was  afterwards  made  to  settle  the  question.     A 
lot,  some  hundreds  of  tons,  of  rails  was  made  from  piles  in  which  there 
■were  three  unwoi'ked  pieces  of  old  rails  ;  and  another  lot  was  made  from 
the  same  iron  and  according  to  the  same  specifications,  at  the  same  mill 
with  the  first  lot,  with  only  the  difference  that  all  the  old  rails  used  were 
first  broken  down  into  flats.     These  two  lots  of  rails  were  laid  down  in 
situations  where  they  would  undergo  similar  wear,  and  at  the  end  of  one 
year  the  two  classes  were  compared  ;  of  those  made  with   old   rails  in 
the  pile,  one-twelfth  of  the  rnunbcr  liad  been  removed  from  the  track,  and 
many  others  were  showing  signs  of  disintegration  ;  of  the  vails  made  from 
the  solid  piles,  one  fifty-secondth  of  the  whole  had  been  removed,  and 
the  remainder  -were  apparently  in  good  condition. 

The  tables  appended  to  this  history  have  been  compiled  from  the 
annual  reports  and  from  the  records  of  the  Engineer's  department.  Except- 
ing the  first  two  or  three  years  of  the  existence  of  the  Railway  Company, 
accurate  accounts  have  bten  kept  of  the  miles  run  each  year,  by  the 
engines,  including  switching  engines.  For  those  years,  the  miles  run  by 
engines  have  been  calculated  from  the  traffic  returns ;  from  this  account 
of  the  total  number  of  miles  run  by  engines  has  been  deduced  the  aver- 
age number  of  trains  over  each  mile  of  the  track,  dividing  the  total  miles 
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run  by  the  total  number  of  miles  of  road  operated,  including  sidings. 
Upon  the  western  division  of  the  road,  which  is  about  100  miles  long,  and 
the  most  severely  worked  of  any  part  of  the  line,  the  miles  run  by  engines 
have  been  recorded  separately  from  the  accounts  of  tlie  other  divisions  ; 
and  as  the  traffic  over  this  division  is  very  uniform  throughout  its  length, 
Table  No.  3,  which  shows  the  experience  of  ten  years  upon  it,  is  a  very 
correct  exlubit  of  the  jicrformauce  of  re-rolled  rails. 

In  considering  these  tables  it  should  be  remembered,  as  indeed  Table 
No.  1  clearly  reveals,  that  the  life  of  all  the  iron  has  been  prolonged  to 
its  farthest  limit  by  repairing  ;  this  was  more  practicable  with  the  first 
rails  laid  down  than  it  is  with  modern  ones  ;  because,  although  from  the 
imperfection  of  the  joint  used,  they  became  battered  at  the  ends,  they 
remained  sound  in  the  middle,  being  more  thoroughly  welded.  The  rails 
now  made  are  laid  upon  an  improved  joint ;  if  they  fail  anywhere  it 
reveals  bad  manufacture,  and  the  imperfect  welding  generally  extends 
throughout  the  length  of  the  rail,  rendering  it  useless  to  repair  it — so  that 
only  about  one  half  the  number  of  rails  formerly  rejjaired  in  each  year 
are  now  mended,  althougli  by  improved  machinery  it  can  be  done  at  less 
cost,  and  better. 

I  am  a^'are  that  this  account  of  an  experience  with  iron  rails  will  not 
have  the  interest  which  it  would  have  possessed  before  steel  rails  were  so 
generally  adopted  for  the  renewals  upon  heavily  worked  lines  ;  yet,  even 
now.  there  are  engineers  who  need  to  be  reinforced  in  their  struggle 
against  mistaken  views  of  economy,  and  to  these  I  offer  this  contribution, 
as  Memoires  pour  servir. 

The  length  of  main  track  maintained  after  1856  was  524  miles,  the  sub- 
traction of  this  sum  from  the  numbers  in  the  column  of  "  miles  operated"' 
will  give  the  length  of  the  sidmgs. 
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Table  No.  1. 

Neic  and  Bepaired  Eailfi  laid  dou-a  tqxm  the  lohole  Road. 


Ykar. 

Miles  of 

Road 
Operated. 

Miles  of 
Laid 

New  Rails 
Down. 

MiiES  OF  Rails 
Repaired. 

Miles  of  New 

a.nd  Repaired  Rails 

Laid  Uowx. 

Average 

Number  of 

Trains 

OVER  F.ACn 

Mn.E  IN 

In  Year. 

Total. 

In  Year. 

Total. 

In  Year.      Total. 

THE  Year. 

1852. 

3.30 

.... 

j 

3580 

1853. 

334 

....      j      .... 

4180 

1854. 

.340 

.... 

.... 

....     .       .... 

4620 

1855. 

340 

.... 

....      1 

4950 

185G. 

343 

30 

30 

30             30 

4670 

1857. 

567 

65 

95 

65 

95 

3280 

1858. 

574 

86 

181 

86 

181 

2710 

1859. 

574 

6.96 

84 

265 

91 

272 

2650 

I860-. 

574 

8.62 

15.58 

79 

344 

88 

360 

2780 

1861. 

574 

10.18 

25.76 

80 

424 

90 

450 

3100 

1862. 

574 

20.87 

46.63 

95 

519 

116 

566 

3600 

1863. 

574 

23.56 

70.19 

86 

605 

110 

676 

3790 

1864. 

570 

39.05 

109.24 

97 

702 

136 

812 

3840 

1865. 

575 

46  18 

155.42 

94 

796 

140           952 

3800 

1866. 

578 

91.03 

246.45 

81 

877 

172 

1124 

4130 

1867. 

583 

66.30 

312.75 

122 

999 

188 

1312 

4110 

1868. 

587 

87.33 

400.08 

138 

1137 

225 

1537 

4570 

1869. 

596 

94.85 

494  93 

73 

1210 

168 

1705 

5000 

Note.— The  length  of  main  track  maintained  after  1856  was  524  miles ;  the  sub- 
traction of  this  sum  from  the  numbers  in  the  column  of  miles  operated  will  give  the 
length  of  the  sideliiigs. 

Jan.  1,  1870. — There  remained  on  the  brandies  120  miles  of  the  iron  laid  in  1856-7, 
all  of  which  had  been  repaired. 

The  great  increase  in  miles  repaired  in  1867  and  1868  is  due  to  the  increased  length 
of  the  rails  repaired. 

In  1864  the  use  of  a  branch,  four  miles  long,  was  suspended. 
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Table  No.   2. 

Traffic  home  by  the  New  Bails  laid  doum  upon  the  xchole  Road. 


Average 

Average  Num- 

Year 
Jan.   1 

TO 

Dec.  31. 

Miles  of 

Rail-s 

Laid  Down. 

illLES  OF  SAME 

Rails  Rem.\in- 
rxG  IN  Track 
Jan.  1,  1870. 

Per  cext. 
Remaimxg. 

Per  cent. 
Worn  Out. 

NlSIBER  OF 

Trains 

0\-ER    EACH 

Mile,  in  the 
Year. 

ber  OF  Trains 

WinCH    HA^'E 

PA.-SED  Over 

RAiLb  Remaining 

.Jan.  1, 1870. 

1859. 

6.96 

1.22 

17.5 

82.5 

3300 

50,000 

1860. 

8.62 

3.52 

40.8 

59.2 

3480 

i           46,500 

1861. 

10.18 

4.65 

45.6 

54.4 

3880 

,           43,000 

1862. 

20.87 

6.25 

29.9 

70.1 

4500 

38,500 

1863. 

23.56 

9.34 

39.6 

60.4 

4740 

34,000 

186-4. 

39.05 

10.86 

27.8 

72.2 

4800 

29,500 

1865. 

46.18 

23.12 

50.0 

50.0 

4800 

24,500 

1866. 

91.03 

76.30 

83.8 

16.2 

5160 

19,500 

1867. 

66.30 

59  70 

90.0 

10.0 

5140 

1           14,500 

1868. 

87.33 

86.63 

99.2 

0.8 

5710 

8,900 

1869. 

94.85 

All 

.... 

.... 

6100 

1           

This  Table  is  calculated  upon  the  assumption  that  upon  one  third  of  the  whole 
length  of  the  line,  where  very  little  new  iron  has  been  laid,  only  one  half  the  average 
traffic  is  experienced.  This  assumption  is  very  nearlj'  correct,  and  rejecting  the 
service  upon  this  one  third  of  the  line  from  the  calculation  of  averages,  the  above 
results  are  obtained. 
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Table  No.   3. 

Traffic  borne  by  the  New  Bails  laid  doivn  wpon  the  Western  Division. 


Year 
Jan.   1 

TO 

Dec.  31. 

Miles  of 

Rails 

Laid  Down. 

Miles  of  same 
Rails  Remain- 
ing IN  Track, 
Jan.  1, 1870. 

Per  cent. 
Remaining. 

Per  cent. 
Worn  Out. 

AVEKAGB 

Number  of 

Trains 

over  each 

Mile  in  the 

Year. 

Average  Num- 
ber OF  Trains 

WHICH  HAVE 

Passed  Over 

RAiiii  Remaining 

Jan  1, 1870. 

1859. 

2.91 

None 

5396 

1.S60. 

3.17 

0  58 

18 

82 

5350 

72,000 

1861. 

8.03 

3.13 

39 

61 

6170 

66,000 

1862. 

13.12 

1.57 

12 

88 

7260 

59,500 

1863. 

14  78 

4.51 

30 

70 

8020 

52,500 

1864. 

26.14 

3.44 

13 

87 

7530 

44,500 

1865. 

15.68 

0.62 

4 

96 

7470 

37,000 

1866. 

21.46 

9.02 

42 

58 

7910 

29,500 

1867. 

28.74 

23.19 

80 

20 

7910 

21,500 

1868. 

23  46 

23.32 

99 

1 

8890 

13,500 

1869. 

28.79 

28.79 

100 

9000 

Upon  this  division,  as  upon  the  whole  road,  the  traffic  has  been  proportioned  as 

follows : 

Freight  trains 0.5 

Passenger  trains 0.4 

Working  trains 0.1 

1.0 
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REMARKS    BY  J.  BUTTON   STEELE,  CIVIL   EXGINEER,  MEMBER 
OF  THE  SOCIETY. 

Referring  to  the  paper  which  has  just  been  read  on  the  wear  of  rails, 
etc.,  there  is  no  doubt  but  it  is  a  correct  exposition  of  the  experience  on 
the  road  referred  to,  and  as  such  is  of  vahie  ;  but  so  various  are  the  influ- 
ences, both  from  the  modes  of  manufacture  and  the  local  peculiarities  to 
which  rails  are  subjected,  that  statistics  from  other  roads  may  be  provi- 
ded showing  directly  opposite  results  in  sjveral   important   particulars. 

We  have,  in  this  paper,  the  principle  strongly  implied,  if  not  directly 
expressed,  that  iron  may  become  so  higiily  refined  by  repeated  workings, 
that  it  cannot  be  welded  without  the  interposition  of  less  pure  layers — a 
popular  theory  among  rail  makers,  but  one  which  I  apprehend  is  entirely 
in  error.  Indeed.  I  have  heard  this  mode  of  making  rails  char- 
acterized as  not  welding  their  parts,  but  sticking  them  together 
with  cinder.  The  best  iron  we  have  is  made  from  scraps ;  we  hear 
nothing  of  the  difficulty  of  welding  them,  no  matter  how  often 
they  have  been  worked ;  the  more  worked  the  better.  The  cele- 
brated Damascus  blades,  the  highest  quality  of  carbonized  iron  of 
which  we  have  any  knowledge,  is  said  to  be  made  of  wire  ;  and  the  same 
principle  is  acknowledged  in  our  country,  where  wire  ropes  are  much  used. 
When  superior  iron  is  needed  it  is  made  from  worn-out  wire  ropes  ;  though 
more  care  is  required  to  weld  pure  than  impure  iron,  particularly  whei'e 
it  is  worked  in  large  masses.  Those  who  were  connected  with  the  early 
railroad  experience  in  this  country  have  a  pleasant  recollection  of  the 
double-refined  Eba-Yale  rails,  which  were  among  our  first  importations. 
Unfortunately,  for  the  rail  interest,  when  worn  out  as  rails  they  were  too 
valuable  for  re-conversion,  and  found  their  way  into  car-axles  and  other 
similar  uses.  The  manufacturers  of  these  higher  qualities  of  iron  found 
no  difficulty  in  welding  them,  though  the  rail  makers  would  sundwicli 
them  with  their  own  poor  stuff,  if  they  were  allowed  to  do  so. 

In  a  somewhat  extended  experience  upon  one  of  the  largest  freight 
roads  in  this  country,  it  was  my  practice,  for  many  years,  to  have  the  old 
rails  reconverted,  without  any  admixtui'e  of  new  iron  ;  the  best  rails, 
such  as  the  Eba-Yale,  were  selected  for  the  heads,  and  the  inferior  for 
the  flanges ;  all  were  broken  down  into  slabs  and    thoroughly  welded  ; 
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nnd,  to  secure  as  perfect  a  weld  as  possible,  an  English  mode  of  effect- 
ing the  same  object  was  adopted,  that  of  taking  upon  the  rail  piles -two 
■welding  heats,  b}'  passing  them  several  times  through  the  rolls,  after  the 
tirst  heat,  and  returning  them  to  the  furnace  before  the}'  were  finally 
•drawn  into  rails.  The  result  was  better  rails  than  were  obtained  by  any 
other  mode  ;  better,  even,  than  new. 

I  may  here  refer  to  what  I  apprehend  to  be  a  prevalent  error  as  to  the 
use  of  hard  granular  iron  for  the  heads  of  rails.  The  Eba-Vale  iron, 
which  produced  such  satisfactory  results,  was  not  of  that  character ;  it 
was  a  well  worked  fibrous  iron,  and  I  believe  all  the  best  results  have 
been  produced  from  iron  of  that  character  in  the  heads.  Some  fifteen 
years  since,  an  experiment  was  made  under  my  observation,  bearing  upon 
this  point :  Rails  made  of  fibrous  and  granular  iron  were  laid  alternately 
iipon  a  heavy  freight-bearing  road  ;  at  the  end  of  six  months  the  fibrous 
heads  showed  the  most  marks  of  wear  ;  at  Iheend  of  twelve  months  the 
granular  heads  began  to  break  up,  and  the  result  was  that  the  soft,  fibrous 
rails  wore  out  two  of  the  hard  granular. 

In  (he  early  railroad  experience  a  patent  was  taken  out  in  England  for 
making  the  heads  of  rails  of  granular  iron,  and  at  least  two  patents  have 
since  been  taken  out  in  this  country  for  the  same  object;  but  all  with  the 
same  result — all  have  passed  into  oblivion,  under  the  test  of  practice. 
There  are  several  problems  in  the  wear  of  rails  which  may  be  worth}'  of 
note.  We  all  remember  what  a  run  the  double-headed  rail  had  in  England, 
and  how  signal  has  been  its  failure  ;  the  first  head  subjected  to  the  action 
of  the  wheels  became  granulated  and  its  tensile  strength  destroyed,  so 
that  when  the  rails  were  inverted  they  broke. 

True  to  the  same  principle,  we  find  that  any  cause  which  changes  the 
position  of  rails  in  the  tracks,  so  as  to  alter  the  1)earing  of  the  wheels 
upon  them,  causes  tlieir  destruction.  If  they  are  reversed  side  for  side 
to  the  flanges,  they  wear  out  quickly,  and  even  if  they  are  taken  up 
from  one  point  in  the  road  and  laid  down  in  another,  by  which  means  the 
bearing  of  the  wheels  upon  them  is,  of  necessity,  more  or  less  changed, 
the  granulated  purface  is  broken  up,  and  their  dural)iUty  is  decreased. 
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At  a  meeting  of  the  Society,  Dec.  7th,  1870. 

DESCRIPTION  OF  THE  "PLENUM  PNEUMATIC  PRO- 
CESS" AS  APPLIED  IN  FOUNDING  THE  PIERS 
OF  THE  ILLINOIS  AND  ST.  LOUIS  BRIDGE,  AT 
ST.  LOUIS,  MO. 

A  paper  presented  by  Mr.  Milxor  Roberts,  Civil  Engineer, 
Member  of  the  Society. 

The  necessity  for  a  bridge  across  the  Mississippi  river  at  St.  Louis  has 
long  been  acknowledged,  and  various  projects  liave  been  discussed  for 
many  years,  especially  after  the  completion  of  several  railroad  lines  lead- 
ing to  St.  Louis  from  the  East,  and  of  others  partially  finished  westward  ; 
but  none  of  them  assumed  practical  shaf)e  till  the  year  1864,  when  an  Act 
of  the  Legislature  of  the  State  of  Missouri  was  passed,  incorporating  the 
St.  Louis  and  Illinois  Bridge  Company,  with  authority  to  construct  a  bridge 
over  the  jMississippi  at  the  city  of  St.  Louis,  which  was  in  1865  incor- 
porated by  the  State  of  Illinois,  and  it  was  also  sanctioned  by  Act  of 
Congress,  in  1866,  wliich  enacted  "  that  the  bridge  authorized  shall 
not  be  a  suspension  bridge  or  a  draw  bridge,  but  shall  be  constructed  with 
continuous  or  unbroken  spans,  and  subject  to  these  conditions :  First, 
that  the  lowest  part  of  the  bridge,  or  bottom  chord,  shall  not  be  less  than 
fifty  feet  above  the  City  Directrix*  at  its  greatest  span.  Second,  that  it  shall 

•The  City  Directrix  is  33''  8/^  above  low-water  mark. 
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have  at  least  one  span  five  hundred  feet  in  the  clear,  or  two  spans  of  three 
hundred  and  fifty  clear  of  abutments.  If  the  two  latter  spans  be  used,  the 
one  over  the  main  steamboat  channel  shall  be  fifty  feet  above  the  City 
Directrix  (measiu-ed  at  the  centre  of  the  span).  Third,  no  span  over  the 
■water  at  low-water  mark  shall  be  less  than  two  huiidred  feet  iu  the  clear 
of  abutments." 

In  1867  the  State  of  Illinois  granted  an  act  of  incorporation  to  another 
company  for  the  purpose  of  constructing  a  bridge  opposite  St.  Louis. 

Each  of  these  independent  companies  made  locations,  and  devised  plans 
for  bridges  to  cross  the  river,  one  near  the  upper  part  of  the  city  limits, 
the  other,  centrally,  opposite  Washington  Avenue,  with  structure  essen- 
tially different. 

In  August,  1867,  at  the  instance  of  the  friends  of  the  Illinois  and  St. 
Louis  Company,  chartered  by  the  State  of  Illinois,  a  Convention  of  Civil 
Engineer's,  twenty-seven  in  number,  met  in  St.  Louis,  and  discussed  the 
merits  of  several  plans  proposed,  the  conclusion  of  the  Convention  being 
in  favor  of  the  upper  location,  with  two  spans  of  368  feet  each,  preferrhig 
it  to  the  plan  of  500  feet  spans,  which  had  been  designed  and  proposed 
by  Capt.  James  B.  Eads,  C.  E.,  and  adopted  by  the  other  Bridge  Company. 
The  proceedings  and  report  of  tlie  Board  of  Civil  Engineers  thus  convened 
were  very  interesting,  and  were  soon  after  published  in  an  elaborate 
pamphlet,  containhig  the  data  and  reasoning  which  led  them  to  criticise 
and  condemn  the  undertaking  of  a  bridge  with  500  feet  spans  :  "  On 
account  of  the  difficulty  of  procuring  suitable  materials  of  the  proper 
form,  size,  and  workmanship  required  to  meet  the  extraordinary  strains  to 
which  some  of  the  members  of  the  truss  would  be  subjected,  the  increased 
hazard  of  its  construction  and  maintenance,  the  large  additional  cost  of 
the  whole  structure  by  the  use  of  the  long  span,  and  because  the  neces- 
sities of  this  case  do  not  require  the  use  of  one  of  such  great  length,  for 
which  tliere  is  no  engineering  precedent." 

In  the  face  of  this  decision,  Capt.  Eads,  sustained  by  the  directors  of 
the  original  company,  persevered  in  pressing  forward  the  work  he  had 
undertaken,  and  in  his  report  of  Maj',  1868,  answered  in  the  most  satis- 
factory and  conclusive  manner  all  the  objections  which  the  Convention  of 
Engineers  had  offered  to  his  location  and  general  design. 

Meanwhile,  in  March,  1868,  the  rival  Bridge  Companies  having  arranged 
their  difficulties,  an  act  was  passed  consolidating  the  two  companies,  and 
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in  July,  1868.  the  act  of  consolidation  was  recognized  and  sanctioned  by 
Congress,  and  all  the  powers  of  the  two  became  vested  in  the  present 
Illinois  and  St.  Louis  Bridge  Company. 

In  the  summer  of  1868,  Capt.  Eads,  the  chief  engineer  of  the  bridge, 
was  peremptorily  ordered  by  his  physician  to  Europe  on  account  of  ill 
health.  The  financial  affairs  of  the  company'  were  not  yet  sufficiently 
advanced  to  warrant  the  active  prosecution  of  the  work.  It  was  not  till 
the  spring  of  1869,  when  Capt.  Eads  returned  from  Europe,  much 
improved  in  health,  that  the  finances  were  placed  upon  a  secure  footing, 
when  the  directors  authorized  the  resumption  and  vigorous  prosecution 
of  the  work. 

During  the  stay  of  Ca])t.  Eads  in  Europe,  he  embraced  every  oppor- 
tunity which  his  health  would  permit  to  examine  important  bridge 
constructions,  especially  in  connection  with  deep  pier  foundations.  In 
the  report  of  the  Chief  Engineer,  made  to  the  Board  of  Directors,  in 
September,  1869,  lie  thus  refers  to  this  subject:  "During  my  visit  to 
Europe  last  winter,  I  had  an  opportunity  of  witnessing  the  operation  of 
sinking  masonry  piers  by  the  plenum  pneumatic  process,  as  practised  by 
the  engineers  on  the  continent  of  Europe,  and  I  there  became  satisfied 
that,  with  the  improvements  made  in  it  by  them,  many  of  which  are 
unpublished,  I  could  sink  the  piers  of  your  bridge  quite  as  safely,  as 
expeditiously,  and  more  economically  than  by  the  method  I  had  intended 
to  use.  In  France  and  England  I  was  so  fortunate  as  to  be  permitted  to 
exchange  views  upon  this  subject  with  several  of  the  most  distinguished 
engineers  in  the  profession,  and  my  opinions  upon  this,  the  most  important 
question  in  the  construction  of  your  bridge,  were  fully  confirmed  as  a 
result  of  those  interviews." 

It  was  not  until  May,  1869,  that  it  was  finally  determined  to  adopt  the 
plenum  pnertinatic  plan,  and  to  proceed  with  both  piers  simultaneously,  or 
as  nearly  so  as  was  practicable. 

The  report  just  quoted  states  that.  "  In  adopting  this  method  of  sinking 
the  piers,  it  was  necessary  to  mature  plans  and  details  of  an  entirely  new 
type  for  the  necessary  caissons  and  floating  appliances,  and  to  design  and 
construct  machinery,  purchases,  etc.,  quite  different  from  what  had  been 
intended." 

The  problem  was,  to  sink  two  piers  in  the  Mississippi  river,  each  about 
five  hundred  feet  from  the  shore,  and  about  five  hundred  feet  apart  in  a 


262 

stream  of  rapid  current,  varying  at  different  stages  of  the  river  from  five 
to  nine  miles  an  hour,  with  a  fluctuating  depth  of  water  varying  from  ten 
to  seventy  feet,  or  more,  through  a  body  of  sand  varying  in  depth  from 
eighty  feet  to  only  a  few  feet  above  the  rock  bed  ;  the  rock  bed  being,  at 
ordinary  stages  of  the  river,  ninety-five  feet  below  the  surface  of  the 
water  at  the  east  pier,  and  sixty-seven  feet  at  tlie  west  pier. 

The  method  of  safely  and  speedily  accomplishing  this  result,  and  the 
designing  of  the  various  plans  and  meciianical  contrivances  necessary  to 
effect  it,  demanded  a  vast  amount  of  careful  thought,  while  the  ordering 
and  preparation  of  the  different  materials  and  a{)pliances  required  great 
executive  skill  and  energy. 

Boats,  barges,  engines,  water-pumps,  air-pumps,  sand-pumps,  travellers, 
piles,  pile-engines,  masonry,  timber,  iron,  bolts,  etc.,  for  the  lai'ge caissons, 
had  to  be  planned  and  provided,  and  an  extensive  and  strong  system  of 
protection-piles  arranged  above  the  site  of  each  pier  ;  blacksmith  and 
machine-shops  had  to  be  erected,  and  the  ship-building  yard  at  Caron- 
delet,  where  so  many  iron-clads  were  constructed  in  such  a  marvellously 
short  space  of  time  at  the  commencement  of  the  civil  war,  under  the 
direction  of  Capt.  Eads,  was  again  brought  into  requisition  for  the  con- 
struction of  the  iron  caissons  for  the  two  piers. 

Borings,  Etc. 

To  ascertain  the  depth  to  the  rock  and  the  kind  of  material  to  be 
penetrated  by  the  caissons,  soundings  were  made  by  means  of  cast-iron 
pipes,  which  were  sunk  by  removing  the  sand  from  the  interior  with 
sand-pumps.  These  soundings  were  made  from  barges  well  anchored 
and  secured  with  side  cables,  so  as  to  maintain  the  pipes  in  the  same 
vertical  position.  This  required  considerable  labor  and  watchfulness, 
and  was  more  than  once  interrupted  by  floods  ;  but  complete  success  was 
at  last  achieved,  and  it  thus  became  known  in  advance  of  further  opera- 
tions that  the  material  to  be  encountered  at  both  piers  consisted  of  coarse 
and  fine  sand,  with  a  few  small  veins  of  gravel. 

The  depth  of  the  deposit  in  the  river  depends  on  the  stage  of  the 
water  ;  in  low  water,  when  the  stream  has  its  m  inimum  velocity,  the  depth 
of  sand  is  about  80  feet,  varying  only  a  few  feet  in  depth  in  the  width  of 
the  stream,  which  is  then  reduced  to  about  1,600  feet ;  this  being  the 
narrowest  pohit  in  the  Mississippi  river  ;  whilst  in  the  highest  floods  there 
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can  be  no  doubt,  that  the  sand  is  moved  by  the  current  down  to  the  rock 
bed.  Experience,  during  the  few  months  occupied  in  the  sinking  of  the 
piers,  has  demonstrated  that  a  rise  of  only  about  16  feet  on  top  of  the 
ordinary  ten-feet  flow  above  exti'eme  low  water,  has  scoured  out  more  than 
40  feet  of  sand  ;  and  the  rock  bed  upon  which  the  caissons  finally  rested, 
exhibited  a  smooth,  water-worn  surface.  There  is  therefore  no  longer  a 
question  either  of  the  propriety  or  of  the  absolute  Tiecessity  of  the  plan 
urged  1)3' Captain  Eads,  of  founding  the  piers  on  the  rock.  His  judgment 
on  this  vital  })oint  was  questioned  by  many  intelligent  engineers,  but  in 
justice  to  them  it  is  fair  to  recollect  that  they  had  not  the  opportmiities 
which  he  had  enjoyed  and  so  well  employed  for  understanding  the  power- 
ful action  of  this  immense  water  flow. 

To  those  who  have  only  had  experience  with  our  Eastern  rivers,  the  fact 
that  such  formidable  chaisges  from  floods  take  place  in  the  regimen  of  the 
Mississippi,  must  appear  very  striking.  It  is  now  obvious  to  all  who  are 
familiar  with  the  operations  in  the  river  at  this  point,  that  abridge  resting 
upon  piers  founded  materially  short  of  the  rock,  as  many  proposed  and 
advocated,  would  have  been  liable  to  toial  destruction  in  the  first  high 
flood. 

Bke.\kwaters. 

Extensive  and  costly  breakwaters  constitute  an  essential  leatnre.  Two 
large  steam  pile-drivers  were  constructed  and  the  work  above  the  site  of 
the  Eastern  pier  was  begun  about  the  12th  of  August,  having  been  delaj^ed 
by  the  extraordinary  continuance  of  an  unusually  high  spring  flood.  The 
driving  of  the  piles  was  commenced  in  47  feet  of  water,  with  a  subsiding 
river,  but  a  few  days  thereafter  another  rise  of  five  feet,  which  covered 
tlic  tops  of  the  piles  then  driven  caused  the  work  to  be  again  suspended. 

Ordinarily  at  that  season  of  the  year  there  should  have  been  ten  or 
twelve  feet  less  water,  and  perhaps  fifteen  or  more  less  scour.  This  would 
have  given  twenty-five  feet  or  more  less  depth  of  water  to  work  in,  which 
would  have  greatly  facilitated  the  work.  The  piles  were  about  70  feet  in 
length.  The  unusual  depth  of  water  was  not  the  only  cause  of  detention  ; 
during  a  rise  of  the  river,  when  the  water  is  already  very  high,  such  quan- 
tities of  drift-wood  are  floated  down  that  it  is  very  diflicult  to  anchor  the 
pile-driving  boats. 

The  breakwater  is  formed  by  numerous  piles  planned  in  the  form  of  an 
inverted  V,  the  apex  extending  about  300  feet  above  the  pier,  and  widened 
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at  the  lower  etui  to  nearly  200  feet,  forming  a  protection  for  the  caisson 
and  the  barges  which  contain  the  engines,  machinery,  etc.,  one  on  each  side 
of  the  pier,  as  well  as  for  the  stone  barges. 

Each  breakwater  was  further  secured  against  the  effects  of  ice  by  a 
large  quantity  of  heavy  riprap  dropped  in  above  the  apex,  and  by  a 
strong,  heavy  apron  of  white  oak  timbers  covered  and  strengthened  with 
4-ineh  plank,  let  down  on  each  side  so  as  to  stand  at  an  angle  of  about 
45  degrees,  with  the  lower  side  resting  on  the  sand  and  the  upper  side 
firmly  bolted  and  secured  to  and  braced  against  the  outer  row  of  piles. 
This  is  believed  to  be  a  novel  feature  in  protection-piling,  and  it  has 
answered  its  intended  purpose  admirably.  Above  this  apron  the  [liles 
were  also  covered  on  the  outer  side  with  oak  plank,  against  which  the  ice 
and  drift-wood  rubbed  harmlessly. 

A  short  distance  above  the  apex  of  the  breakwater,  a  bunch  of  piles  was 
driven,  and  above  that  a  heavy  anchor,  composed  of  an  old  boiler  shell, 
weighted  with  iron  ore,  was  imbedded  in  the  sand.  Fron)  tin's  passed  a 
heavy  wire  cable.  2  V4  inches  diameter,  to  the  bunch  of  piles  and  thence  to 
the  main  breakwater  ;  the  piles  of  which  were  sti'ongly  braced  by  white 
oak  lateral  braces.  From  this  protection  system  there  extended  afterward 
two  strong  wire  cables,  one  to  each  side  of  the  caisson. 

Guide-Piles. 

Around  the  site  of  the  pier  were  sunk  ten  large  guide-piles,  each  three 
and  a  half  feet  in  diameter,  composed  of  old  boiler  shells  at  the  lower  end 
and  timbers  above,  leaving  a  hollow  or  space  in  the  middle  of  each,  through 
which  the  sand  was  pumped  out,  so  that  it  could  be  sunk  to  any  desired 
depth.  They  were  83  feet  long,  sunkaboiTt  15  feet  into  the  sand  when  the 
water  was  about  35  feet  deep,  and  extended  33  feet  above  the  surface  of  the 
water,  and  were  all  strongly  braced  together  at  the  tojj. 

Ten  large  screws,  3  inches  in  diameter,  each  25  feet  long,  wei'e  supported 
from  the  top  frames  on  these  piles.  They  were  arranged  so  that  other 
links  were  added  as  the  caisson  descended.  These  screws  were  used  to 
regulate  the  descent  of  the  caisson  and  prevent  any  tilting  until  it  should 
be  fairly  in  the  sand. 

Boats  for  Pumps  and  Machinery. 
Two  large  boats,  each  215  feet  long,  34  feet  beam,  and  7  feet  hold,  were 
constructed  for  each  pier,  one  ranged  on  either  side  just  outside  of  the 
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guide-piles;  these  contained  the  machinery  for  sinking  the  piers  with  the 
caissons,  and  for  hoisting  and  laying  the  stone.  There  were  six  large  steam 
boilers,  four  of  them  arranged  in  two  double  batteries,  and  the  others  in 
two  single  batteries,  on  each  boat ;  twelve  boilers  in  all. 

Air-pumps,  Etc. 

Four  air  pumps,  4  feet  stroke  and  14  inches  diameter  of  cylinders, 
driven  by  two  independent  engines,  24  inch  stroke  and  20  inch  diameter 
of  cylinders,  are  on  one  of  the  boats  at  each  pier. 

The  engines  on  the  other  boat  at  each  pier  are  used  in  hoisting  and  lay- 
ing stone,  etc.,  and  in  working  the  water-pumps  and  sand-pumps. 

Machinery  for  Laying  Stone. 

This  machinery  is  built  upon  the  boats,  alike  on  each,  so  that  each  can 
take  up  stone  from  the  stone  barges  lying  outside,  and  transfer  it  rapidly 
to  the  pier  by  travellers,  six  on  each  boat.  This  frame-work  is  aV)out 
fifty  feet  high,  and  supports  six  wire  cables,  two  and  one-fourth  inches 
diameter,  on  each  boat,  and  upon  each  cable  is  arranged  a  traveller.  Each 
traveller  is  capable  of  transporting  a  seven-ton  stone  one  hundred  feet. 
They  are  worked  by  hydrauUc  rams  when  hoisting  and  lowering  the 
stone,  and  by  simple  gearing  when  transporting  it.  One  engine  on  each 
boat  works  the  six  travellers  ;  there  are  six  hydraulic  jacks,  of  10  feet 
stroke  and  5  inch  diameter,  with  two  hydraulic  rams  required  for  supply- 
ing them  with  water,  at  a  pressure  of  1,600  pounds  per  square  inch  on  each 
boat.  Each  traveller  is  easily  controlled  by  one  man,  and,  with  all  worL- 
ing,  twelve  stones  could  be  raised  and  placed  in  position  in  each  pier  at  tlie 
same  time.  Fourteen  thousand  seven  hundred  and  eighty  feet  of  wire 
rope  were  required  for  these  twenty-four  travellers. 

The  travellers  work  perfectly,  and  with  them  three  hundred  cubic 
yards  of  stone  have  been  handled  and  laid  on  one  pier  in  a  day. 

Caissons. 
The  caissons  were  built  by  contract,  at  Carondelet,  the  Company  furnish- 
ing the  iron  and  rivets.  They  are  composed  i)f  wrought  iron.  The  larger 
one  at  tt^r^ast  pier  is  82  feet  long  by  60  feet  wide,  the  other  82  feet  long 
by  48  feet  wide.  The  air-chambers  which  constitute  the  lower  portions 
of  both,  caissons  are  9  feet  in  height,  and  their  sides  are  formed  of  f  inch 
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plate  iron  in  the  larger,  and  f  inch  in  the  smaller.  The  designs  of  both 
are  quite  similar,  except  that  the  smaller  has  but  live  air-locks,  while  the 
larger  has  seven.  A  brief  description  of  the  larger  air-chamber,  at  the 
East  pier,  may  serve  for  both.  The  iron  plates  foiiiiiiig  its  roof  (and  at 
the  same  time  tlie  floor  for  the  masoiu-y)  arc  of  t  inch  thickness.  Trans- 
versely over  this  are  placed  thirteen  wrouglit  iron  girders,  each  five  feet 
high,  which  are  securely  riveted  to  it  at  intervals  oi  five  and  a-half  feet, 
and  made  of  ^  incli  plate  iron,  witli  a  top  chord  of  5x  7-i  inches  of  riveted 
plates. 

Beneath  the  roof,  within  the  air-chandier,  arc  i)laced  two  lines  of  solid 
white  oak  girders,  running  at  right  angles  to  the  iron  girders  above, 
dividing  the  entire  area  of  the  air-chamber  into  three  nearly  equal  rooms 
commuiucation  between  the  three  divisions  being  through  opens  left  for  this 
purpose  through  the  wooden  girders.  These  timber  girders  were  allowed 
to  rest  upon  the  sand,  giving  sui)port  to  the  roof  and  iron  girders,  from 
below,  at  equidistant  points  in  the  length  of  the  iron  girders.  The  sides 
of  the  air-chambers  are  strongly  braced,  to  resist  the  pressure  of  the  sand, 
with  plate  iron  brackets,  stittened  with  angle  iron,  under  each  girder,  on 
each  side,  in  each  of  the  three  divisions  or  rooms.  Between  the  brackets, 
within  two  feet  of  the  bottom,  is  placed,  all  around  the  inside  of  the 
caisson,  a  course  of  strong  timbers,  the  bottom  of  which  is  level  with 
the  bottom  of  the  timber  girders  already  described,  and  which  also  rest 
upon  the  sand.  Tiie  area  of  bearing  surface  of  this  course  of  timber,  and 
of  the  two  girders,  is  850  square  feet.  The  support  given  by  this  surface 
of  timber  resting  upon  the  sand,  togetiier  with  the  buoyant  power  of  the 
compressed  air  in  the  chamber,  and  the  friction  of  sand  on  the  sides  of  the 
caisson,  served  to  sustain  the 'pier  in  its  gradual  descent  with  its  load  of 
masonry,  as  the  sand  was  removed,  till  it  touched  the  rock. 

Manner  of  Sinking  the  Caisson,  Air-locks,  Etc. 
The  caisson,  when  launched  at  Carondelet  (on  the  18th  of  October, 
1869),  had  a  false  bottom  sufficiently  water-tiglit  to  float  it  with  a  draught 
of  3^  feet ;  it  was  towed  to  its  position  between  the  guide-piles  on  the 
same  day  of  the  launch,  the  two  guide-piles  at  the  lower  end  not  being 
put  in  until  after  the  caisson  was  in  place.  It  was  tlien  attached  to  the 
large  screws  already  mentioned,  and  as  the  com2>res8ed  air  was  gradually 
pumped  into  the  chamber,  the  false  bottom,  in  three  parts,  became  loosened, 
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and  was  then  hauled  out  of  the  way,  and  the  laying  of  masonry  was  begun 
on  the  25th  of  October,  at  which  time  the  water  was  43  feet  deep  between 
the  guide-piles.  The  masonry  was  first  laid  in  the  spaces  between  the  iron 
girders,  and,  after  reaching  to  their  top,  5  feet  above  the  iron  roof  of  the 
chamber,  the  masonry  was  laid  regularly  over  the  girders  and  fitted 
around  the  air-locks. 

AlK-LoCKS. 

The  air-locks  are  a  very  irnportunt  feature.  In  the  larger  or  eastern 
caisson  there  are  seven,  which  were  used  for  the  entrance  to  and  exit  from 
the  air-chamber,  for  men  and  materials.  During  the  progress  of  the  work 
and  tlie  sinking  of  the  caissons,  hundreds  of  visitors,  of  both  sexes,  passed, 
by  the  centre  air-luck,  into  the  air-chamber,  and  witnessed  the  operation 
of  pumping  out  the  sand  and  settliiig  the  piers. 

The  air-locks  have  heretofore  been  placed  above  the  surface  of  the 
water,  and  ingress  to  the  air-chambers  obtained  through  large  vertical 
iron  pipes  leading  through  the  masonry.  In  these  caissons  the  air-locks 
are  placed  below,  within  the  roof  of  the  air-chamber,  and  access  is  had 
to  them  through  open  air-shafts  buUt  up  in  the  masonry.  This  change 
makes  an  important  saving  in  the  cost,  avoids  tiie  delay  caused  by  con- 
stantly adding  new  joints  of  pipes  under  the  air-locks  as  the  pier 
descends,  and  affords  much  greater  convenience  and  safety  and  saving  of 
time  in  introducing  materials  and  workmen  (and  visitors)  to  the  chamber. 

The  air-locks  are  circular  vertical  chambers  from  five  to  five  and  a  half 
feet  in  diameter,  and  of  various  heights,  from  six  to  twelve  feet.  They 
are  made  of  one -half  inch  plate  iron.  They  are  provided  with  two 
doors,  one  opening  into  the  open  air-shaft,  and  one  into  the  air-chamber. 
The  first  door  in  opening  swings  into  the  air-lock,  and  the  other  into  the 
air-chamber.  The  air-chamber  being  filled  with  compressed  air,  one  or 
other  of  the  doors  remains  closed.  Either  one  being  closed,  the  pressure 
of  the  air  tends  to  keep  it  closed,  but  leaves  the  other  free.  The  door 
leading  to  the  air-chamber  being  closed,  we  enter  the  air-lock  through  the 
outer  door,  and  close  it  behind  us.  A  cock  is  then  opened  communicating 
with  the  air-chamber,  and  the  air-lock  is  rapidly  filled  with  compressed 
air.  This  equalizes  the  pressure  on  both  sides  of  the  inner  door,  and  it 
can  at  once  be  opened,  and  we  then  enter  the  air-chamber,  where  we  find 
the  men  at  work  in  the  compressed  air.  To  return  to  the  open  air  we 
re-enter  the  air-lock,  close  the  inner  door,  and  then  open  another  cock, 


2^8 

which  allows  the  compressed  au*  in  the  air-lock  quickly  to  escape.  This 
relieves  the  outer  door  of  the  pressure  that  was  against  it,  and  it  can  at 
once  be  opened  for  our  exit.  One  door  or  the  other  is  always  free  to 
open.  To  open  both  doors  at  once  in  a  hundred  feet  depth  of  water 
would  require  an  enormous  force  (about  30,000  lbs.)  to  be  applied  to  the 
one  on  whicli  the  air-pressure  was  acting  at  the  time.  This  gives  great 
security  to  those  within  the  air-chamber  against  the  carelessness  or 
ignorance  of  those  passing  out  or  in. 

[On  the  east  pier  men  have  worked  at  the  depth  of  HOi^  feet  below 
the  sm-face  of  the  water,  though  under  such  a  pressure  —  about  48  lbs. 
to  the  square  inch  —  they  were  only  allowed  to  work  one  hour  at  a  time, 
three  times  a  day.] 

Building  the  Masonry  and  Sinking  the  Pier. 

As  the  weight  of  the  masonry  was  added,  the  screws  were  gradually 
turned,  with  levers,  by  a  gang  of  hands,  with  an  intelligent  foreman  sta- 
tioned on  the  upper  frame-work,  the  screws  being  used  chiefly  to  coun- 
teract any  irregularities  in  the  weight  of  the  masonry  on  diiferent  parts 
of  the  caisson,  though  the  ten  were  capable  of  sustaining  without  danger 
a  strain  of  over  300  tons. 

As  the  caisson  descended,  the  river  at  the  same  time  was  gradually 
falling,  though  occasionally  fluctuating,  sometimes  rising.  A  record  was 
kept  (by  one  of  three  civil  engineers  in  charge  every  moment  during  the 
entire  twenty-foiu:  hours),  showing,  at  intervals  of  an  hour,  the  condition 
of  affairs.  The  steam-pressure,  number  of  revolutions  of  the  engine,  air- 
pressure,  draught  of  caisson  at  each  of  the  four  corners  and  ends,  gauge, 
height  of  the  river,  temperature  of  the  atmosphere,  kind  of  weather, 
working  of  the  hydraulic  rams  and  travellers,  and  all  unusual  occurrences 
and  accidents.  Whenever  the  tliermometer  fell  to  28°,  or  lower,  the 
laying  of  masonry  was  suspended,  also  during  considerable  rains  and 
snows,  but  the  detention  from  these  causes  was  not  less  than  twenty  days 
during  the  foiu'  months  occupied  in  sinking  the  pier  to  the  rock.  Con- 
stant care  and  watchfulness  on  the  part  of  the  civil  engineers  in  charge 
and  of  the  Superintendent  of  Construction,  with  relays  of  foremen  of 
machinery,  steam  engineers,  men  at  the  travellers,  etc.,  prevented  any 
serious  accident  or  material  delay,  excepting  as  above,  during  the  progress 
of  tlie  work.     The  most  critical   period  was  just  prior   to   reaching  the 
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sand,  before  any  aid  could  be  derived  therefrom  in  steadying  and  sup- 
porting the  caisson  with  its  heavy  weight  of  masonry,  and  when  so  much 
depended  on  maintaining  regular  and  sufficient  support  from  the  air  in 
the  chamber,  and  in  keeping  an  even  strain  on  the  screws.  At  the  time 
the  bottom  or  cutting  edge  of  the  caisson  touched  the  sand  (which  was 
highest  on  the  eastern  side),  there  was  an  average  of  about  35  feet  depth 
of  water  above  the  sand.  As  soon  as  one  side  fairly  rested  on  the  sand, 
workmen  were  sent  in  to  level  off  the  highest  points  by  filling  it  into  the 
low  places;  and  in  a  few  days  thereafter,  when  the  caisson  was  imbedded 
all  around,  the  screws  were  removed.  Thenceforth  the  vertical  descent 
and  correct  position  of  the  caisson  were  maintained  by  regulating  the 
air-pressure  and  removing  more  sand  from  the  side  or  end  that  was  highest 
at  the  time. 

As  the  mass  descended,  and  course  after  course  of  masonry  was  built, 
the  wrought  iron  skin  of  the  caisson  was  increased  in  height  by  riveting 
on  additional  plates  of  iron, so  that  the  laying  of  masonry  and  the  raising 
of  the  outer  rim  of  the  caisson  proceeded  simultaneously,  it  being  neces- 
sary to  keep  the  top  of  the  caisson  some  feet  above  the  surface  of  the 
water  to  allow  for  sudden  rises  in  the  river,  and  for  the  constantly  increas- 
ing draught  caused  by  the  daily  increment  of  weight  of  the  masonry  and 
caisson. 

[Experience  in  the  sinking  of  the  East  pier  led  to  a  change  of  plan  in  the 
West  pier  caisson,  by  which  the  iron  skin  was  left  off  at]the  height  of  29 
feet  above  the  bottom  of  the  caisson  ;  the  interior  of  the  open  shafts 
being  lined  with  jointed,  nearly  water-tight  plank,  which  kept  out  most 
of  the  leakage  water  permeating  through  the  masonry.  This  system  of 
plank-lining  was  also  introduced  into  the  upper  portions  of  the  shafts  on 
the  East  pier.] 

Sand-Pumps. 

The  sand-pumps  were  placed  in  the  air-chamber,  and  their  suction-pipes, 
extended  by  flexible  hose,  reached  t(»  the  sand  ;  the  vertical  pipes  passed 
up  through  the  wrought  iron  ceiling  of  the  air-chamber  and  were  carried 
up  the  shafts  to  a  sufficient  height  above  the  top  of  the  caisson  to  dis- 
charge the  sand  and  water  into  the  river.  As  the  caisson  was  raised,  new 
sections  of  pipe  were  added.  Seven  sand-pumps  were  used  in  the  caisson 
of  the  Eastern,  and  five  in  that  of  the  Western  pier.  These  pumps  are  of 
very  simple  but  novel    construction,    never    having  been  used  before. 
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Pumps  of  sizes  varying  from  3  to  5  inch  bore  were  tested,  and  very  good 
results  were  olttuined  from  those  of  from  3^  to  4  inch  bore.  Gravel 
stones,  as  large  as  could  enter  (over  two  inches  in  diameter),  were  freely 
discliarged. 

As  there  are  no  working  parts  in  its  construction,  this  plan  of  sand- 
pump  is  not  liable  to  get  out  of  order  save  from  the  wearing  away  at  the 
annular  jet.  The  principle  on  which  the  pump  acts  is  somewhat  similar 
to  that  of  Giffard's  Injector,  water  being  used  instead  of  steam.  A  stream 
of  water  is  forced  down  through  one  pipe  and  caused  to  discharge  near 
the  sand  into  another  in  an  annular  jet,  and  in  an  upward  direction.  The 
jet  creates  a  vacuum  below  it  by  which  tiie  sand  is  drawn  into  the  second 
pipe  or  pump,  the  lower  end  of  which  is  in  the  sand  and  water,  and  the 
force  of  the  jet  drives  the  sand  on  upward  to  the  horizontal  dischai'ging- 
pipe  above  the  surface  of  the  river  as  soon  as  it  passes  through  the  annular 
opening  in  the  jet. 

The  superiority  (as  it  is  believed)  of  this  pump  over  all  others  capable 
of  pumpijig  sand  and  gravel,  consists  in  its  being  supplied  with  the 
requisite  amount  of  water  for  keeping  tlie  sand  in  a  fluid  condition,  while 
the  suction-pipe  is  inserted  directly  in  the  sand.  With  other  pumps  the 
quantity  of  sand  cannot  be  regulated,  and  it  is  liable  to  be  drawn  in  in  such 
quantities  as  to  choke  up  the  pipes  and  working  parts  of  the  pump,  the  water 
drawn  in  witli  the  sand  not  being  sufficient  to  keep  it  fluid.  The  weight 
of  the  colunui  set  in  motion  by  the  pump  is  consequently  subject  to  con- 
stant variation,  as  it  has  more  or  less  solid  material  in  it;  and  when  the 
colunui  is  raised  by  atmospheric  pressure  (vacuum),  and  a  lift  of  only 
twelve  or  fifteen  feet  attempted,  the  i)unip  may  cease  to  lift  the  column,  it 
being  so  much  heavier  than  water  l)ecause  of  having  so  much  sand  in  it. 
In  this  case,  if  the  suction-pipe  has  a  foot-valve  at  the  lower  end  of  it,  as 
most  ccntriliigal  pumps  have,  the  sand  falls  back  on  it,  and  the  pipe  must 
be  taken  out  to  empty  it  of  its  contents.  When  too  much  sand  is  in  the 
column  above  the  ordinary  pumps  the  pipe  is  liable  to  be  overloaded  with 
it,  the  action  of  the  pump  ceases,  and  the  contents  must  be  removed  before 
the  ])nmp  will  again  work.  It  tiie  water-jet  in  the  sand-pump  we  have 
used  fails  to  discharge  the  sand,  no  clioking  up  of  the  pump  can  occur. 
There  is  nothing  in  the  construction  of  it  to  prevent  the  sand  from  rumiing 
back  when  tlie  jet  8toi)S,  and  if  the  jet  is  strong  enough  it  will  raise  it  to 
any  hciglit.  Tiiose  at  the  East  pier  worked  perfectly  when  the  discharge- 
pipe  was  120  feet  in  vertical  height  above  the  jet. 
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Ouc  powerful  steam-pump  was  required  for  working  simultaueously  two 
san<l-pumps.  Generally  two  sand-pinups,  sometimes  three,  were  working 
at  the  same  time.  It  usually  required  a  gang  of  six  to  seven  men  to  shovel 
the  sand  and  manage  one  sand-pump. 

The  importance  of  avoiding,  in  a  work  of  this  kind,  the  many  incon- 
veniences and  delays  which  dredging-machincs  would  be  liable  to  cause, 
if  required  to  lift  sand  from  seventy-five  feet  to  one  hundred  and  twenty 
feet  in  height  in  innnediate  proximity  to  extensive  masonry  operations 
will  be  readily  appreciated  by  all  engineers. 

The  entire  success  of  the  operation  of  removing  the  sandfrnm  our  deep 
caissons  by  means  of  this  system  of  sand-pumps  presents  a  strong  argu- 
ment for  their  introduction  wherever  similar  material  may  be  encountered 
in  founding  deep  piers. 

Masonry. 

The  masonry  of  tlie  piers  and  abutments  is  of  magnesian  limestone,  from 
the  Grafton  quarries,  about  4.5  miles  above  St.  Louis,  laid  in  hydraulic 
cement,  in  courses  of  from  18  to  30  inches  in  thickness.  From  two  feet 
below  low-water  mark  the  exterior  of  the  piers  and  abutments  wdl  be  of 
quarry-faced  granite  up  to  high-water  mark,  and  of  pointed-faced  granite 
thence  to  the  top. 

Since  the  sinking  of  the  piers  to  the  rock,  the  air-chambers  and  the  shafts 
have  been  filled  with  concrete,  forming  a  solid  mass  composed  of  broken 
stone,  mixed  with  hydraulic  cement,  extending  from  the  air-chamber  up  to 
the  level  of  the  top  of  the  masonry.  In  a  short  time  the  laying  of  masonry 
will  be  resumed,  and  it  will  then  be  extended  over  the  concreted  shafts, 
forming  one  unbroken  mass. 

The  base  of  the  Eastern  pier  is  just  the  size  of  the  caisson,  82  feet  long 
by  60  feet  wide,  gradually  tapered  by  offsets  on  each  side.  The  Western 
pier  is  the  same  length  b}^  48  feet  wide.  The  Eastern  pier  at  the  height  of 
ten  feet  above  low-water  mark  will  be  97  feet,  and  the  Western  pier  69  feet 
above  the  rock.  The  larger  one  covers  an  area  of  4,020,  and  the  other, 
3,360  square  feet.  At  ten  feet  above  low- water  mark  each  pier  is  78 
feet  in  length  by  38  feet  in  width,  and  at  that  point  each  will  contain  a 
sectional  area  of  2,600  square  feet. 

The  amount  of  masonry,  brick-work,  and  concrete  required  to  bring 
these  piers  to  ten  feet  above  low-water  mark  is  about  21,000  cubic  yards. 
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Abutments. 

The  weslcni  abutment  has  been  founded  on  the  limestone  rock  at  the 
deptli  of  13  feet  below  low-water  mark,  and  built  u[)  to  an  average  height  of 
17  feet  above.  Although  it  was  not  originally  designed  to  sink  the  eastern 
abutment  to  the  rock,  which  by  careful  sounding  has  been  found  to  be  about 
94  feet  below  low-water  mark,  or  8  feet  lower  than  the  rock  at  the  Eastern 
pier,  the  complete  success  attending  the  method  adopted  at  the  piers  has 
led  to  a  change  of  plan,  and  it  has  been  decided  to  employ  a  caisson  on 
the  plenum  pneumatic  plan,  and  the  same  general  system  for  sinkhig  it  as 
that  used  at  the  piers,  modified  and  rendered  less  costly  in  construction 
by  the  substitution  of  timber  for  much  of  the  iron  work  of  the  air-cham- 
ber, the  iron  skin  of  the  caisson  not  being  carried  over  20  feet  above  the 
air-chamber,  depending  on  the  masonry  and  air-shafts  (made  nearly  water- 
tight) for  preventing  serious  leakage. 

The  caisson  for  the  abutment  is  now  in  the  course  of  construction,  at 
Carondelet,  on  the  same  ways  from  which  the  pier  caissons  were  launched, 
and  it  is  expected  will  be  completed  in  August.  Meanwhile  the  neces- 
sary preparations  in  connection  with  the  sinking  of  the  east  abutment- 
and  for  the  handling  and  laying  of  the  stone,  etc.,  arc  going  forward  ;  and 
it  is  anticipated  that  the  abutment  will  reach  the  rock  in  December  next, 
and  that  the  masonry  will  be  pushed  on  all  the  piers  and  abutments  so  as 
to  be  ready  for  commencing  the  erection  of  the  superstructure  early  next 
spring. 

A  detailed  account  of  the  varied  experience  derived  during  the 
sinking  of  the  two  piers  of  this  bridge  cannot  be  looked  for  in  a  paper 
of  tills  kind,  prepared  at  sliort  notice  ;  it  belongs  properly  to  a  yet 
unwritten  history  of  this  structure,  which  should  be  given  to  the  pro- 
fession at  a  future  time.  Rarely,  in  the  accounts  of  bridge  engineering,  has 
there  been  a  bolder  scheme,  or  one  more  thoughtfully  or  more  scientitically 
considered  and  arranged  in  advance,  or  more  beautifully  and  successfully 
executed,  than  the  designing,  building,  and  sinkhig  of  these  two  piers  in 
the  Mississippi  river,  founded  on  the  rock  in  such  an  unusual  depth  of 
water,  and  constructed  and  rendered  secure  in  so  short  a  period.  The 
first  stone  was  laid  in  the  East  pier  on  the  25th  of  October,  1869,  and  on 
the  28th  of  February,  1870.  the  bottom  edge  of  the  caisson  touched  the 
rock,  94  feet  below  the  surface  of  the  river  as  it  stood  on  that  day.  being 
only  about  four  montJis,  including  all  delays  and  stoppages  ;  and  on  the 
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28th  of  March,  less  than  one  month  later,  the  west  caisson  also  touched 
the  rock,  78  feet  below  the  surface  of  the  river  as  it  then  stood,  and  only 
72  days  from  the  time  the  first  stone  was  laid  on  it,  January  15th,  1870. 
The  masonry  built  on  these  piers  during  the  above  brief  period  amounted 
to  about  24.000  tons  on  the  East  pier,  and  about  16,000  tons  on  the  West 
pier,  all  of  which  v/as  regularly  laid  in  hydraulic  cement,  the  whole  now 
forming  two  massive  piers,  a  fitting  foundation  for  the  immense  super- 
structure soon  to  be  reared  upon  them. 

The  work  was  carried  on  day  and  night ;  at  night,  the  caissons  upon 
which  the  masonry,  etc.,  were  progressing,  were  illuminated  with  two 
calcium  lights,  and  a  number  of  lamps.  The  air-chamber  was  lighted  with 
candles  and  lamps,  and  part  of  the  time  with  gasoline  burners.  Some 
trouble  was  experienced  in  the  air-chamber  from  smoke,  which  was  par- 
tially remedied  by  small  ventilators  leading  to  the  outer  air.  On  the 
whole,  candles  appeared  to  answer  in  the  compressed  air  better  tlian  any 
of  (he  lights  tried. 

After  the  caissons  attained  a  depth  below  50  feet,  the  workmen  engaged 
in  the  air-chamber  suifered  more  or  less  at  times,  after  coming  out  of  the 
chamber,  from  a  species  of  muscular  i)aralysis,  and  some  who  remained  in 
too  long,  or  were  in  some  way  unfitted  to  stand  the  pressure,  died  from 
the  effects.  Yet  there  were  others  engaged  in  the  air-chambers  from  the 
beginning  who  worked  till  the  very  last,  and  who  labored  safely  at  one 
time  under  a  pressure  of  nearly  50  lbs.  to  the  square  inch,  at  a  depth  of 
110^  feet,  working  an  hour  at  a  time. 

Dr.  Jarainet,  an  experienced  physician  of  St.  Louis,  paid  particular 
attention  to  the  effect  of  air-pressure  upon  the  workmen,  and  was  fre- 
quently in  the  air-chamber.  He  will  probably  prepare  some  views  on  the 
subject  which  may  be  valuable  in  connection  with  the  working  of  hands 
in  compressed  air,  etc. 
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At  a  meeting  of  the  Society,  Dec.  20th,  1870. 

AN  ACCOUNT  OF  THE  REMOVAL  OF  SOME  BROKEN 
PILES  FROM  THE  BED  OF  THE  CONNECTICUT 
RIVER. 

A  paper  presented  by  J.  Albert  Monkoe,  Civil  Engineer,  Member 
of  the  Society. 

Daring  the  winter  of  1868-9,  the  clusters  of  piles  driven  for  the 
"  Gushing  Piers"  of  the  Connecticut  River  Bridge,  at  the  Shore  Line  Rail- 
road crossing,  were  left  exposed  and  unprotected  on  account  of  the  serv- 
ing of  an  injunction  which  prevented  the  continuance  of  the  work. 

The  up-stream  cluster  of  Pier  No.  2  had  but  four  piles  driven  when 
the  work  was  suspended.  These  stood  in  thirty-seven  feet  of  water  at 
low  tide. 

The  freshet  of  the  following  spring  brought  down  the  river  immense 
fields  of  thick  ice,  which  formed  a  jam  just  above  the  site  of  the  bridge. 

When  this  gave  away,  it  tore  the  platform  from  its  place,  carried  away 
two  of  the  four  piles  and  broke  oif  the  other  two.  One  was  broken  off 
just  below  the  surface  of  the  river  bed,  and  the  other  about  two  feet  be- 
low the  first.  When  the  work  was  resumed  in  the  summer  of  '69,  it  was 
found  necessary  to  remove  these  stumps  or  to  change  the  location  of  the 
pier. 
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As  the  work  on  the  superstructure  was  well  advanced,  it  was  deter- 
mined fo  remove  them. 

Various  methods  were  tried  with  poor  success.  Tlie  bed  of  the  river 
is  comiDosed  of  a  fine  sand,  which  flowed  back  around  the  pile-heads  as 
fast  as  a  diver  could  remove  it. 

A  curb  of  iron,  eiglit  feet  in  diameter,  and  three  feet  bigh,  made  of  three 
eighth-inch  boiler  plate,  was  sent  down  for  the  diver  to  settle  around  the 
piles,  so  that  the  heads  could  be  cleared,  and  a  chain  be  passed  around 
them,  but  progress  was  so  slow,  that  method  was  abandoned  and  the  fol- 
lowing adopted,  which  proved  perfectly  successful. 

A  four  inch  gas-pipe  five  feet  long,  with  a  solid  steel  point,  was  placed 
beside  the  heads  of  the  piles  by  the  diver.  Into  this  was  inserted  one  end 
of  an  iron  rod,  long  enough  to  reach  from  the  bottom  of  the  river  to  the 
reconstructed  platform.  On  this  rod  was  shrunk  a  heavy  iron  ring,  just 
above  the  top  of  the  gas-pipe,  forming  a  shoulder  for  a  hammer,  sliding 
ujion  the  rod,  to  strike  upon. 

By  means  of  the  hammer,  which  was  raised  by  the  pile-driver  engine, 
the  pipe  was  driven  down  until  its  top  was  within  two  or  three  inches  of 
ihe  surface  of  the  river  bed.  When  the  tube  was  in  place  the  rod  was 
withdrawn  and  a  charge  of  four  pounds  of  powder,  enclosed  in  a  tin 
cylinder,  inserted,  which  was  covered  with  the  river  sand  and  exploded 
by  means  of  a  battery. 

Both  piles  were  thrown  out  by  the  explosion.  One  was  uninjured  ;  the 
other  was  broken  at  about  a  right  angle  with  the  grain  of  the  wood,  the 
break  extending  to  within  about  half  an  inch  of  one  side. 

The  fracture  was  a  perfectly  clean  one,  none  of  the  fibres  of  the  wood 
pulling  from  one  part  to  the  other,  and  it  was  as  clean  as  if  the  wood  had 
been  partially  decayed. 

These  sticks  were  of  yellow  pine,  twelve  inches  square  and  twelve  feet 
long,  and  were  driven  the  November  preceding. 
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THE    ANEROID    BAROMETER. 

The  invention  of  this  useful  little  instrument  is  attributed  to  Conti  about 
the  year  1798  ;  but  it  was  revived  and  brought  to  nearly  its  present  form 
by  Dent  and  others  about  the  year  1844,  and  has  since  that  time  been 
much  used  as  a  weather  indicator  both  on  sea  and  land. 

During  the  past  few  years  it  has  been  much  improved,  and  has  become 
at  the  present  day  a  much  more  useful  and  accurate  instrument  than  here- 
tofore, and  one  upon  which  we  can  rely  for  correct  indications  of  the 
weight  of  the  atmosphere  with  as  great  certainty  as  any  except  the  best 
cistern  mercurial  barometers.  The  best  aneroids,  if  properly  used,  far 
exceed  in  accuracy  the  ordinary  mercurial  barometers  which  have  no 


adjustable  scale  for  contact  with  the  mercury  in  the  cistern,  as  will  be 
hereafter  described. 

In  its  present  form  it  becomes  one  of  the  most  useful  instruments  in  the 
possession  of  the  engineer  for  the  determination  of  heights  with  ease  and 
rapidity  in  reconnaissances,  owing  to  its  extreme  portability,  and  the  few 
corrections  and  calculations  required  in  reducing  its  observations.  Even 
though  it  were  far  from  being  as  accurate  as  it  is,  it  would  still  be  very 
valuable,  as  it  can  be  carried  by  engineers  when  no  one  would  think  of 
transporting  a  mercurial  barometer.  In  its  pocket  form  it  is  as  easily  car- 
ried as  a  watch,  and  can  be  consulted  whenever  required ;  whereas  the 
ordinary  barometer  must  have  a  special  attendant  to  transport  it,  and 
requires,  at  least,  sufficient  time  to  i^ack  and  unpack  the  instrument  and 
set  it  up,  in  addition  to  the  time  necessary  for  observation. 

The  word  aneroid  is  derived  from  the  Greek  privative  d,  vripo;  wet,  and 
«rJoj  form,  and  signifies  a  form  without  fluid,  in  contradistinction  to  the 
mercurial  or  fluid  barometer.  Instead  of  measuring  the  weight  of  the  air 
by  a  column  of  mercury,  it  is  determined  by  the  pressure  upon  a  vacuum 
chamber,  measured  by  a  delicate  arrangement  of  levers  and  springs,  which 
is,  in  fact,  a  sensitive  balance  foe  weighing  tlie  pressure  of  the  atmosphere. 

CONSTKUCTION  OF  THE  ANEROID. 

Tlic  aneroid  barometer  consists  essentially  of  a  box  or  chamber  from 
which  nearly  or  quite  all  the  air  has  been  extracted,  and  which  has  its 
sides  held  apart  by  the  action  of  a  spring  which  balances  the  pressure  of 
the  atmosphere  upon  the  outside  of  the  chamber,  avA  allows  it  to  collapse 
or  expand  according  as  the  pressure  is  greater  or  less.  This  small  motion 
of  the  sides  of  the  chamber  is  communicated  by  multiplying  levers,  and 
by  a  chain  wound  around  the  axis  of  the  index,  to  the  dial,  where  the 
amount  of  motion  is  sufficiently  increased  to  be  easily  read  upon  the 
scale. 

There  have  been  many  forms  of  metallic  barometers  made  upon  the 
above  principle,  and  a  great  variety  of  modifications  in  the  manner  of 
transmitting  the  motion  to  the  index. 

The  vacuum  chamber  has  been  made  of  annular  form,  with  a  section 
taken  out  upon  one  side,  so  that  the  space  between  should  be  altered  by 
different  pressures  of  the  air. 
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The  motion  of  the  vacuum  chamber  has  also  been  communicated  to  the 
index  by  a  rack  and  pinion  movement  instead  of  the  chain. 

Altliough  some  of  these  last-mentioned  instruments,  especially  the 
French  ones,  have  been  very  nicely  made,  they  possess  errors  inherent  to 
the  construction,  which  unfit  them  for  anything  but  weather  indicators, 
where  great  accuracy  is  not  required.  The  only  modes  of  construction  that 
will  be  here  described,  or  that  are  considered  sufficiently  accurate  and 
reliable  for  measuring  heights,  are  the  so-called  holosteric  barometer,  and 
the  older  form  with  the  same  vacuum  chamber  and  index  mechanism,  but 
which  has  a  lever  and  spiral  spring  for  resisting  the  pressure  of  the  air, 
in  place  of  the  large,  flat  spring  of  the  holosteric  form. 

The  first-mentioned  is  generally  used  for  the  large  and  medium-sized 
instruments,  and  the  lever  form  for  the  smallest  or  watch  size.  This  is  on 
account  of  its  being  conveniently  made  much  thitmer  or  flatter  for  ease  of 
carrying  in  the  pocket.  There  is  not  much  diflerence  in  accuracy  between 
the  two  constructions  when  equally  well  made  and  properly  used. 

In  the  holosteric  form  of  aneroid,  the  vacuum  chamber  consists  of  a 
cylindrical  metallic  box,  of  from  two  to  three  inches  in  diameter,  and  one- 
half  inch  ui  thickness,  with  corrugated  top  and  bottom,  from  which  nearly 
all  the  air  has  been  pumped  out,  and  the  aperture  soldered  up  airtight. 
This  chamber  is  firmly  secured  to  the  case  by  a  screw  which  passes 
through  the  frame  and  enters  a  stud  upon  the  middle  of  the  lower  surface 
of  the  chamber.  Above  the  chamber  is  a  wide  flat  D  spring,  the  lower 
half  of  which  rests  upon  two  standards,  on  opposite  sides  of,  and  in  line 
with,  the  centre  of  the  vacuum  chamber,  and  just  outside  of  its  circum- 
ference. A  central  stud,  upon  the  i^pper  surface  of  the  chamber,  passes 
through  the  upper  leaf  of  the  spring,  and  is  secured  by  a  triangular  knife- 
edged  pin  passing  through  it  in  exactly  the  direction  of  the  standards 
before  mentioned. 

On  the  side  next  to  one  of  the  standards,  an  arm  extends  forward  from 
the  under  leaf  of  the  spring,  and  is  attached  to  the  frame  by  an  adjustable 
screw,  so  that  the  spring  has  three  points  of  support  at  the  bottom,  and 
by  means  of  the  last-mentioned  screw  can  be  slightly  tipped  forward  or 
backward,  as  may  be  desired  for  the  purpose  of  adjustment. 

From  the  upper  leaf  of  the  spring  an  arm  extends  forward,  at  right 
angles  to  its  supports,  and  is  firmly  attached  to  the  spring,  so  that  its 
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farther  extremity  describes  an  arc  as  the  spring  opens  or  shuts  from  the 
decrease  or  increase  of  pressure  on  the  vacuum  chamber.  It  is  in  this 
bar  that  the  compensation  for  temperature  of  the  instrument  is  made. 

Beneatli  the  end  of  tliis  arm  is  a  short  horizontal  spindle,  with  a  short 
liorizontal  arm  lying  in  the  same  direction  as  the  compensation  arm,  and 
to  which  it  is  connected  by  a  link  ;  it  also  has  a  longer  vertical  arm  to 
which  one  uiui  ot  the  chain  is  attached.  The  short  arm  is  fiu'nished  with 
a  screw  lor  shortening  or  lengthening  it,  to  increase  or  diminish  the  range 
of  the  index,  and  it  sometimes  has  another  adjustment  for  turning  it 
around  the  axis  relatively  to  the  other  arm,  in  order  to  vary  the  rate  of 
movement  of  tlie  index  in  difi'erent  parts  of  the  scale.  The  chain  passes 
from  the  end  of  the  vertical  arm  of  the  lever  around  the  axis  of  the  index. 

In  the  otlier  construction  mentioned  above, as  generally  used  for  pocket 
aneroids,  in  place  of  the  flatD  spring  over  the  vacuum  chamber  there  is  an 
F  -shaped  lever,  the  back  of  which  rests  on  two  knife  edges  rising  from 
the  bottom  of  the  frame  and  forming  the  fulcrum.  The  centre  stud  of  the 
vacuum  chamber  is  attaclied  to  the  short  middle  arm  by  means  of  a  knife- 
edged  pin,  and  the  long  arm  rests  on  the  top  of  a  spiral  spring,  which  has 
an  adjusting  screw  under  the  small  circular  bottom  plate  on  which  it 
rests,  for  the  purpose  of  regulating  its  height.  The  compensated  arm 
runs  parallel  to  this  arm  of  the  lever,  just  inside  of  it,  between  it  and  the 
short  middle  arm.  In  uncompensated  instruments  the  arm  of  the  lever 
is  often  used  directly  for  transmitting  the  motion  to  the  dial. 

The  mechanism  connecting  the  compensated  arm  with  the  index  is  the 
same  as  before  described.  Botli  of  these  instruments  have  a  means  of 
adjusting  the  short  arm  of  the  lever  upon  the  horizontal  spindle,  so  that 
the  index  will  move  as  uiuformiy  as  possible  through  all  parts  of  the  dial 
scale. 

The  instrument  is  compensated  for  differences  of  temperature,  so  that 
the  index  shall  remain  at  the  same  reading  upon  the  dial  when  it  is  heated 
and  cooled.  This  is  done  by  filing  out  a  portion  of  the  arm  before 
described  along  its  upper  side,  and  inserting  a  strip  of  steel,  which  is 
carefully  soldered  in  its  place.  The  arm  being  usually  of  brass,  the 
difference  in  the  rate  of  expansion  of  the  two  metals  causes  it  to  bend  in 
such  a  way  as  to  counterbalance  the  effect  of  changes  of  temperature  on 
the  other  parts  of  the  instrument.     The  length  of  the  steel  bar  necessary 
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to  compensate  the  aneroid  is  found  by  trial.  A  number  are  usnally  lieated 
and  cooled  together.  Some  are  found  to  be  nearly  or  quite  correct  for 
temperature,  while  others  require  a  steel  bar  almost  the  whole  length  of 
the  arm.  This  is  occasioned  by  the  different  amounts  of  air  remaining  in 
the  vacuum  chamber.  xV  certani  quantity  is  found  to  almost  perfectly' 
compensate  the  instrument,  but  it  is  impossible  to  regulate  this  amount 
witii  sutVicient  nicety  to  dispense  with  the  compensatioTi  of  the  arm. 

After  comijensation  the  dial  is  maiked  by  trial,  so  as  to  agree  with  the 
mercurial  column  at  the  princijial  divisions,  and  is  divided  ])r()portionally 
between.  A  small  final  adjustment,  by  means  of  the  interior  adjusting 
screws,  is  made  if  the  scale  does  not  exactly  correspond  to  the  height  of 
the  mercury  when  the  instrument  is  finished.  Tliese  final  adjustments 
should  always  be  made  so  that  the  scale  of  the  aneroid  will  conform  to 
the  height  of  the  mercury  at  a  certain  temperature,  preferably  at  32° 
Fahr.,  as  that  is  the  temperature  to  which  all  barometrical  observations 
are  generally  reduced,  and  for  which  all  tables  are  constructed.  It  is 
believed,  however,  that  this  is  rarely  if  ever  attended  to  by  the  makers. 

Sometimes  the  scale  is  divided  uniformly,  which  it  must  be  if  it  has  a 
vernier  attached,  in  Avhich  case  the  movement  of  the  index  is  made  to 
conform  as  nearly  as  possible  to  the  scale  by  means  of  the  interior 
adjusting  screws.     The  scale  errors  must  be  noted. 

In  many  aneroids,  and  generally  in  the  best  of  the  smaller  ones,  there 
is  an  additional  scale  of  altitudes  in  feet,  outside  of  the  scale  correspond- 
ing to  inches  of  mercury.  Tliis  usually  commences  with  0.  at  31  inches, 
and  is  generally  divided  and  figured,  in  the  best  English  instruments, 
according  to  the  table  prepared  by  Professor  Airey,  which  will  be  men- 
tioned hereafter.     There  are  some,  however,  very  erroneously  marked. 

In  the  largest  and  most  accurate  instruments  this  extra  scale  is  scarcely 
desirable,  as  the  formula  upon  which  it  is  divided  may  not,  perhaps,  be 
the  best,  and  the  divisions  of  inches  and  hundredths  are  in  some  degree 
confused  by  it.  The  corrections  of  the  scale,  also,  which  are  mentioned 
hereafter,  and  are  sometimes  necessary  to  correct  observations,  are  usually 
made  for  the  inch  scale,  and  are  not  applicable  to  the  geometrically  vary- 
ing scale  of  feet.  In  the  smaller  aneroids, however,  when  graduated  with 
a  correct  formula,  it  is  a  great  convenience  forgiving  approximate  heights 
without  the  difficulty  of  carrying  tables  or  making  calculations,  except 
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the  necessary  correction  for  the  temperature  of  the  air.     It  is,  in  fact,  a 
table  of  itself. 

Sometimes  the  scale  of  feet  is  made  movable,  with  a  zero  point  either 
at  31  or  30  inches.  This  is  done  with  a  view  to  placing  the  zero  oppo- 
site the  index  at  the  lower  one  of  two  stations,  of  which  the  difference  of 
level  is  required,  and  reading  off  the  height  directly  from  the  scale  at  the 
other,  instead  of  taking  the  diiference  of  the  readings,  as  is  required  with 
a  fixed  scale.  This  movable  construction  is  entirely  erroneous,  as  there 
is  but  one  position  in  which  it  can  be  correct,  as  will  be  seen  in  what 
follows  when  considering  the  manner  of  estimating  heights. 

In  place  of  the  pointer  attached  to  the  centre  of  the  glass,  usually 
found  in  the  poorer  class  of  aneroids,  the  best  now  have  a  small  pointer 
attached  to  the  rim  wliich  carries  the  glass,  and  reaching  out  to  meet 
the  end  of  the  index,  opposite  to  which  it  can  be  accurately  placed. 
When  there  is  a  vernier  it  is  likewise  attached  to  this  rim,' which  is  made 
to  turn  freely  and  evenly,  but  with  suflRcient  friction  to  hold  it  in  any 
desired  position. 

At  the  back  of  the  case  there  is  generall}'  observed  a  small  hole,  with 
a  screw  head  just  within  the  case.  This  screw  is  under  the  third  support 
of  the  spring  in  the  holosteric  form, as  before  described,  and  in  the  other 
mode  of  construction  is  under  the  spiral  spring  which  supports  the  long 
arm  of  the  vacuum-chamber  lever.  The  object  of  this  screw  is  to  move 
the  position  of  the  index  on  the  dial  and  set  it  at  a  reading  to  agree  with 
the  height  of  the  mercurial  column.  This  is  done  by  raising  or  lowering 
the  spring  which  sustains  the  pressure  of  the  atmosphere  on  the  vacuum 
chamber.  It  should  never  be  touched  except  to  replace  the  index  to 
agree  with  the  mercury,  in  case  it  should  become  deranged,  and  this,  if 
necessary,  should  be  done  before  the  trial  to  test  the  final  adjustment  of 
the  instrument. 

Mr.  James  Pitkin,  of  London,  has  made  a  great  improvement  in  this 
adjustment  by  constructing  the  case  so  that  the  mechanism  is  attached  to 
the  bottom  and  the  dial  to  the  body,  and  arranging  them  to  turn  upon 
each  other  when  necessary  and  be  fastened  by  a  set  screw.  This  moves 
the  dial  to  any  position  under  the  index  ;  it  corrects  the  reading  without 
altering  or  affecting  the  mechanism  in  any  way,  and  does  not  alter  the 
range  of  the  index  upon  the  scale.     As  yet  this  contrivance  has  been 
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&,pplied  only  to  pocket  aneroids, but  would  be  valuable  on  the  large  sized 
ones,  although  the  holosteric  form  is  not  generally  so  much  disturbed  by 
moving  the  ordinary  adjusting  screw  as  that  adopted  for  the  smaller 
sizes. 

All  aneroids  should  have  an  attached  thermometer,  unless  they  are 
perfectly  compensated,  which  is  rarely  the  case.  For  scientific  purposes 
the  centi-al  part  of  the  dial  should  be  sunk  to  a  sufficient  depth,  and  the 
thermometer  placed  below  the  index,  so  that  it  can  traverse  above,  close 
to  the  divisions  of  the  scale,  to  avoid  parallax. 

The  aneroid  barometer,  as  at  present  constructed  by  the  best  makers, 
is  an  instrument  of  great  sensibility  and  accuracy,  and,  if  properly  used, 
is  capable  of  determining  heights  with  quite  as  great  accuracy  as  the 
mercurial  barometer.  The  disfavor  which  it  has  met  with  in  the  hands  of 
some  observers  has  been  from  a  want  of  knowledge  of  its  construction, 
and  from  the  use  of  cheap  and  poor  instruments.  For  engineers,  and 
other  scientific  purposes,  fully  nine-tenths  of  the  aneroids  sold  in  the 
shops  are  absolutely  worthless.  They  have  a  large  index  error  fVu-  tem- 
perature on  account  of  not  being  comi)en8a(ed,  and  are  so  badly  made 
that  the  index  moves  unsteadily  and  by  jerks  along  the  scale.  "With  the 
cheaper  sort  of  instruments  the  scale  is  divided  uniforndy,  and  the 
movement  of  the  index  is  adjusted  to  it,  as  nearly  as  may  be,  after- 
wards. A  good  aneroid  should  always  have  its  dial  divided  by  trial 
after  the  working  parts  are  completed,  and  the  index  should  move 
evenly  and  uniformly  over  the  scale  during  a  change  of  pressure.  The 
error  of  compensation  for  temperature  should  never  exceed  one-hundredth 
of  an  inch  in  each  10°  Fahr.  With  a  pocket  barometer  it  may  be  more 
without  material  error,  if  carried  in  an  inside  pocket  where  the  tempera- 
ture is  nearly  uniform. 

TESTS    AND    ADJUSTMENTS    OF    THE    ANEROID. 

On  purchasing  an  aneroid,  a  table  of  its  index  errors  should,  if  possible, 
be  obtained  from  the  maker  ;  but  this  is  seldom  or  never  obtained  when 
they  are  bought  in  the  shops.  They  are  made  to  be  as  nearly  correct  as 
possible;  but  for  scientific  purposes  their  errors,  if  any,  must  be  known. 
Before  using  the  aneroid  for  accurate  observations,  it  should  be  carefully 
tested  under  an  air-pump  together  with  a  mercurial  column,  at  a  known 
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temperature,  ami  its  scale  errors,  if  any,  carefully  noted  while  the  air  is 
being  pumped  out.  This  should  be  done  slowly,  so  as  to  occupy  at  least 
five  minutes  to  each  inch  of  the  scale.  This  is  necessary  to  allow  the 
parts  time  to  adjust  themselves  to  the  new  position.  On  reaching  the  end 
of  the  scale  it  is  best  to  let  the  same  pressui'e  remain  for  ten  or  fifteen 
minutes,  to  ascertain  if  the  index  will  continue  to  fall.  If  it  does,  it  must 
be  allowed  suihcient  time  to  come  to  rest,  and  the  error  must  be  divided 
proportionally  over  tlie  whole  scale  in  noting  the  errors. 

This  comparison  is  always  made  too  ra})idly  by  the  makers,  so  that  most 
aneroids  read  too  low  at  high  altitudes. 

On  readmittitig  the  air  again  to  the  receiver  of  the  air-pump,  if  the  index 
is  allowed  to  rise  rapidly,  it  will  not  retiuMi  at  once  to  the  position  it  started 
from  into  about  one-hundredth  for  each  inch  it  has  been  pumped  down, 
but  requires  about  ten  minutes  to  each  inch  to  recover  itself.  If  this  time 
is  taken  in  letting  in  the  air  it  will  generally  move  entirely  back  to  its 
original  position.  This  is  not  a  sluggishness  of  the  index,  as  the  aneroid 
shows  slight  changes  more  quickly  than  the  mercury,  but  is  probably 
occasioned  by  a  slight  set  in  the  metal  of  the  vacuum  chamber,  or  a  change 
of  the  position  ni  the  knife-edges  of  the  lever.  It  occasions  no  error  or 
uncertainty,  however,  in  using  the  instrument,  as  there  are  no  circum- 
stances in  actual  practice,  unless  it  be  mounting  rapidly  in  a  balloon,  where 
the  changes  of  level  could  be  made  so  quickly  as  to  occasion  the  least 
inaccuracy  from  this  cause,  aiid  even  then  it  would  be  of  no  possible  con- 
sequence. 

The  aneroid  barometer  should  be  uniformly  adjusted  by  the  makers  to 
read  inches  of  mercury  at  the  level  of  the  sea,  in  45°  of  latitude,  and  at  a 
temperature  of  32°  Fahrenheit,  as  that  is  what  is  usually  understood  by 
"  inches  of  mercury." 

The  first  two  corrections  are  immaterial  at  altitudes  of  less  than  5,000 
feet,  and  between  latitudes  40^  and  50°,  for  all  ordinary  comparisons  of 
aneroids  with  the  mercurial  column  ;  but  the  last  is  quite  important  unless 
the  comparison  is  made  at  near  32°  Fahr. 

The  small  tables  I.,  II.,  and  III.,  are  given  to  show  the  amount  of  these 
errors.  They  will  also  be  fouml  useful  for  comparing  observations  taken 
in  the  field  with  the  mercurial  and  aneroid  barometers,  as  they  contain  all 
that  is  absolutely  necessary  for  reducing  the  mercurial  observations. 
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After  ascertaining  the  index  errors  as  above,  the  instrument  should  be 
gradually  heated  and  cooled  through  a  range  of  temperature  as  great  as 
that  it  will  be  subjected  to  in  practice,  and  the  amount  of  movement  of 
the  index  for  each  10°  carefully  noted.  This  will  be  generally  quite  uni- 
form for  different  positions  of  the  index  and  different  degrees  of  heat,  so 
that  a  correction  of  a  certain  amount  for  each  10°  of  change  will  be  suf- 
ficiently accurate.  If  this  error  is  large,  even  to  the  amount  of  three  or 
four  hundredths  in  10°  Fahr.,  accurate  observations  may  be  taken  by 
giving  the  instrument  time  to  acquire  a  uniform  temperature  before  read- 
ing and  making  the  proper  correction.  After  a  careful  trial  of  corrections 
as  above,  a  good  aneroid  will  remain  a  long  time  in  adjustment,  probably 
several  j-ears,  if  it  does  not  receive  some  injury  from  a  fall  or  blow.  If  it 
has  an  att^iched  tliormometer,  any  blow  that  does  not  break  that,  will  not 
probably  damage  the  adjustments.  It  is  well,  however,  to  test  it  whenever 
there  is  any  doubt  of  its  accuracy.  A  small  pocket  aneroid  of  two  inches 
diameter,  which  the  writer  now  has  in  his  possession,  made  by  James 
Pitkin,  of  London,  was  carefully  tested  under  the  air-p\nnp  in  August 
18G9,  with  the  following  readings  : 


MEKCUKT. 

ANSROII). 

DIFF. 

30.00 

30.00 

00 

29.00 

20.00 

.00 

28.00 

27.9'J 

-.01 

27.00 

27.00 

.00 

26.00 

2G.01 

+  01 

25.00 

25.00 

.00 

24.00 

23.99 

-.01 

23.00 

22.97 

-.03 

22.00 

21.96 

-.04 

21.00 

20.94 

-.06 

It  was  subsequently  carried  on  several  journeys,  and  over  the  moun- 
tains of  Switzerland,  with  no  extraordinary  care,  and  was  again  tested 
with  the  same  apparatus  as  before,  in  May,  1870,  with  results  as  follows  : 
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MBRCURY. 

ANEROID. 

DIB-F. 

KRROR. 

30.00 

30.00 

.00 

.00 

29.00 

29.00 

.00 

.00 

28.00 

28.00 

.00 

+  .01 

27.00 

27.00 

.00 

.00 

26.00 

26.02 

+  .02 

+  .01 

25.00 

24  99 

-.01 

-.01 

24.00 

23.99 

-.01 

.00 

23.00 

22.97 

-.03 

.00 

22.00 

21.98 

-.02 

+  .02 

21.00 

20.94 

-.00 

.00 

The  first  comparison  was  not  at  hand  when  tlie  second  was  made. 

Considering  the  smalhiess  of  the  dial  and  consequent  errors  of  observa- 
tion hi  reading,  the  two  comparisons  are  very  close  together,  and  show 
the  reliability  of  a  good  aneroid.  The  error,  or  difference  between  the 
two  readings  of  the  aneroid,  was  in  three  places  only  .01,  and  in  one 
place  .02,  the  rest  being  the  same,  as  shown  in  the  fourth  column  above. 
These  are  more  likely  to  be  errors  of  reading  than  any  change  in  the 
instrument.  The  temperature  error  of  this  barometer  is  about  ±  .01  for 
each  10"  Fahr.  It  is  evident  that  even  with  tliis  small  pocket  aneroid,  if 
a  proper  formula  be  applied  to  its  readings,  its  indications  of  differences  in 
level  must  be  nearly  or  quite  as  accurate  as  those  of  a  mercurial  barom- 
eter. After  an  aneroid  is  tested,  as  above  described,  the  screw  at  the 
back  for  adjusting  the  position  of  the  index  to  agree  with  the  mercury 
must  not  he  touched,  as  it  alters  the  relations  of  the  working  parts  aiid  dis- 
turbs the  observed  corrections  to  be  applied  to  the  scale. 

If  the  instrument  is  a  new  one,  the  index  will  generally  rise  as  much  as 
a  tenth  of  an  incli  above  where  it  was  set,  when  compared  with  the  mer- 
cury, before  coming  to  its  proper  bearing;  but  this  will  not  afifect  the 
relative  accuracy  of  the  readings.  If  it  is  desired  to  know  the  height  of 
the  mercury  at  any  time,  a  constant  known  error  is  to  be  subtracted  from 
the  reading  of  tlie  aneroid  ;  but  it  is  immaterial  so  far  as  differences  of 
readings  for  ascertaining  altitudes  are  concerned. 
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With  the  improved  construction  of  ^[^.  Pitkin,  before  mentioned,  where 
the  dial  only  is  moved,  the  index  can  be  set  with  the  mercury  at  any  time 
without  disturbing  the  adjustment. 

THE    MERCURIAL    BAROMETER. 

As  the  height  of  the  mercurial  colvimn  is  made  the  standard  for  aneroids, 
and  to  which  they  must  be  adjusted  at  some  standard  temperature,  it 
becomes  necessary  to  nn(icr8tand.  in  some  measure,  the  construction  and 
use  of  the  mercurial  barometer,  and  to  have  a  knowledge  of  its  necessary 
corrections  and  sources  of  error,  to  make  our  comparisons  more  intelli- 
gently. 

There  are  two  principal  varieties  of  mercurial  barometer  used  for  scien- 
tific purposes,  viz.:  the  cistern  barometer  and  the  siphon  barometer. 

The  first  is  undoubtedly  the  best  and  most  accurate  instrument.  It 
consists  of  a  straiglit  glass  tube  of  about  one-fourth  of  an  inch  diameter, 
secured  generally  by  leather  ^lacking  into  a  cistern  of  glass  and  wood 
held  together  with  metal  fastenings.  The  tube  extends  nearly  to  the 
bottom  of  the  cistern,  so  that  the  lower  end  shall  come  below  the  surface 
of  the  mercur\'.  The  scale  for  measuring  tiie  height  of  the  mercury  in  the 
tube  is  usually  of  brass,  and  made  movable,  to  adjust  for  capillarity  of  the 
tube.  The  cistern  is  fitted  with  a  point  attached  to  its  top  and  forming 
the  zero  of  the  scale,  which  can  be  made  to  just  touch  the  mercury  in  the 
cistern  by  means  of  a  screw  at  the  bottom  of  the  case.  The  scale  measures 
the  exact  height  of  the  column  when  the  point  is  brought  into  coincidence 
with  the  surface  of  the  mercury  in  the  cistern.  The  point  is  sometimes 
attached  to  the  brass  scale  and  moves  with  it. 

Some  barometers  of  this  form  are  made  with  a  fixed  scale,  and  without 
any  means  for  adjusting  the  height  of  mercury  in  the  cistern.  Such  in- 
struments are  of  no  use  except  as   weather  glasses. 

The  siphon  barometer  has  the  mercurial  tube  in  the  form  of  an  inverted 
siphon,  the  shorter  arm  of  which  is  open  to  admit  the  air.  It  has  usually 
a  brass  scale  for  reading  the  height  of  the  two  columns,  whose  difference 
indicates  the  true  weight  of  the  atmosphere. 

This  barometer  is  lighter  and  more  portable  than  the  first,  but  is  less 
accurate  and  reliable. 

The  maximiim  errors  of  the  cistern  barometer,  when  compared  directly 
with  a  standard,  were  found  by  Major  Williamson,  of  the  United  States 
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Engineers,  williin  the  range  of  from  29".657  io  30".303,  in  three  different 
instrnnients  to  be,  respectively,  .008,  .007,  and  .007.  The  maximnm  errors 
of  the  siphon  barometer  compared  with  a  standard  were  found  by  the 
same  authority  in  tliree  cases  to  be  .047,  .062,  and  .068,  in  a  range  of  from 
29".871  to  30".340.  The  cistern  barometer,  it  will  be  seen,  is  by  far  the 
most  accurate  instrument,  and  good  aneroids  should  be  compared  with 
no  others. 

Mercurial  barometers  are  necessarily  handled  with  great  care,  to  pre- 
vent fracture  or  the  introduction  of  air  bubbles  into  the  tube.  In 
transporting  them,  even  across  a  rof)m,  the  cistern  should  be  screwed 
up  and  the  instrument  carried  in  an  inverted  position.  A  very  slight 
jar  will  often  introduce  an  air-bubble  into  the  tube,  when  it  becomes 
worthless  for  correct  observations  until  it  is  repaired.  The  barometer 
must  be  taken  to  pieces,  and  the  mercury  re-boiled  in  the  tube  by  an 
experienced  i)erson,  before  it  becomes  again  lit  for  use.  This  requires 
the  transportation  of  a  variety  of  implements  and  apparatus  in  addition  to 
the  barometer  itself.  For  these  reasons  many  observers  have  preferred 
the  siphon  variety,  with  all  its  inaccuracy,  as  being  less  liable  to 
accident  in  transportation. 

Tlie  corrections  usually  applied  to  the  readings  of  the  mercurial  bar- 
ometer in  estimating  heights  are  as  follows  : 

1.  Reduction  to  32°  Fahr.,  or  to  some  uniform  temperature  for  different 
observations,  to  correct  the  height  for  the  expansion  of  the  mercury. 
This  correction  is  dependent  upon  the  expansion  in  length  of  the  scale, 
as  well  as  the  expansion  in  bulk  of  tlie  mercury. 

2.  Correction  for  the  difference  in  the  force  of  gravity  acting  upon 
the  mercury  in  different  latitudes. 

3.  Correction  for  decrease  in  the  force  of  gravity  acting  on  the  mercury 
when  carried  above  the  sea  level. 

4.  Correction  for  the  decreased  force  of  gravity  acting  upon  the  air  at 
different  heights,  by  which  its  density  is  diminished. 

5.  Correction  for  the  temperature  of  the  air  above  or  below  a  certain 
standard. 

6.  Correction  for  the  different  densities  of  the  air  occasioned  by  hu- 
midity. 

7.  Correction  lor  caiiillarity  of  the  tube. 

The  first  correction  is  a  very  important  one  for  the  mercurial  barometer, 
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but  becomes  nothing  in  the  aneroid,  which  is  compensated  for  tempera- 
ture. If  not  so  corrected,  the  errors  must  be  found  by  exi)eriment,  and 
applied  to  the  observed  readings,  to  reduce  tliem  to  a  certain  standard. 

The  second  correction  is  also  an  important  one  for  the  mercurial  barom- 
eter, but  is  nothing  in  the  aneroid. 

The  third  correction  must  likewise  be  applied  to  all  observations  with 
the  mercury,  although  not  aifecting  the  aneroid. 

If  it  is  wished  to  compare  the  readings  of  an  aneroid  with  tlie  mercury, 
the  above  three  corrections  must  be  applied  to  the  readings  of  the  mer- 
curial barometer  to  reduce  them  to  equal  heights. 

If  readings  of  the  mercurial  barometer,  reduced  to  32°  Fahr.,  are  given 
in  any  experiments  for  ascertaining  heights,  and  we  wish  to  find  the  true 
reading  for  the  same  stations  of  an  aneroid,  which  represents  inches  of 
mercury  at  32°  Fahr.,  at  the  sea  level,  in  45°  latitude,  we  must  apply  the 
second  and  third  corrections  to  the  mercurial  I'eading. 

The  second  correction,  however,  for  a  height  of  10,000  feet,  and  for 
latitudes  from  3b'^  to  55°,  is  less  than  9  feet.  For  a  less  height,  and  for 
latitudes  nearer  to  45°,  it  is  proportionally  less.  At  45°  latitude  it  is  zero. 
Thus  it  will  be  seen  that  this  correction  can  generally  be  disregarded, 
being  extremely  small  i'or  ordinary  observations.  The  third  correction, 
for  a  difference  of  height  of  10,000  feet,  is  about  30  feet,  and  becomes 
important  in  comparing  readings  as  above.  It  is  nearly  proportional  to 
the  height  for  less  altitudes. 

The  foqrth  correction  applies  to  the  aneroid  as  well  as  to  the  mercurial 
barometer.  Its  amount,  however,  is  extremely  small.  For  -a  difference  of 
altitude  of  10,000  feet,  and  the  height  of  the  barometer  at  the  lower  sta" 
tion  25  inclies,  the  correction  is  only  4.5  feet.  With  less  difference  of 
altitudes  and  higher  barometer  at  the  lower  station,  it  may  be  wholly  dis- 
regarded. 

The  fifth  correction  is  equally  applicable  to  all  barometrical  estimations 
of  differences  of  altitude,  and  will  be  considered  further  on. 

The  sixth  correction  is  also  applicable  to  all  barometrical  observations 
for  heights,  but  its  amount  is  so  imcertain,  even  with  the  best  observa- 
tions for  humidity  of  the  atmosphere,  that  many  of  the  best  formulas  do 
not  embrace  it  in  the  calculation  of  altitudes.  It  is  usual  to  give  a  slightly 
greater  value  to  the  correction  for  temperature  of  the  air  to  compensate 
for  the  humidity.     It  is  perhaps  better,  however,  with  great  differences  of 
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altitudes,  and  when  j::reat  accuracy  is  desired,  to  take  observations  of  the 
huniidit;;  of  the  air,  and  make  tlie  correction.  Its  amount  is,  however, 
unimportant  in  ordinary  observations. 

The  seventh  correction  is  usually  made  on  the  scale,  and  is  different  for 
every  tube.  Whenever  a  new  tube  is  put  into  a  barometer,  a  direct  com- 
parison must  be  made  with  a  standard  barometer  to  ascertain  the  amount 
of  this  error.  It  is  considered  constant,  and  the  scale  is  generally  moved 
to  make  the  coi-rection.  A  line  is  drawn  on  the  frame  of  the  instrument 
exactly  30  inches  from  the  jioint  in  the  cistern,  and  the  30-inch  diviaion 
of  the  scale  is  moved  away  from  it,  the  amount  of  the  error.  This  cor- 
rection is,  however,  not  constant  for  more  than  a  few  inches  of  the  scale. 
It  diminishes  in  amount  in  the  lower  readings  of  the  mercury,  and  there 
should  l)e  a  tabular  correction  for  each  inch  if  its  amount  were  known. 

This,  and  the  first-mentioned  correction  for  temperature,  are  usually 
api^lied  to  the  readings  ;  the  others  are  generally  embraced  in  the  formula 
for  estimating  heights. 

CORRECTIONS   TO    BE    APPLIED    TO    OBSERVATIONS    WITH    THE    ANEROID. 

1.  If  the  instrument  is  not  perfect!}'  conipensatcil  for  temperature,  the 
correction  previously  observed  must  be  added  or  substracted  to  reduce 
the  readings  to  32°  Fahr.,  or  some  standaril  temperature. 

2.  Correction  for  the  decreased  force  of  gravity,  acting  npon  the  air  at 
different  heights,  by  which  its  density  is  dimi-nished. 

3.  Correction  for  the  temperature  of  the  air  above  or  below  a  certain 
standard. 

4.  Correction  for  the  different  densities  of  the  air,  occasioned  by 
humidity. 

The  above  are  the  corrections  of  the  aneroid  to  obtain  the  same  results 
as  with  the  mercurial  barometer,  and  they  aie  given  to  show  what  cor- 
rections might  be  made  in  very  accurate  experiments  on  high  altitudes. 

Tlie  tlurd  correction  is  the  only  one  that  is  usually  necessary  in  esti- 
mating heiglits,  and  tliat  is  always  embraced  in  the  formula. 

Tlie  others,  as  we  have  already  seen  when  speaking  of  the  mercurial 
barometer,  are  immaterial  in  ordinary  observations.  If  great  accuracy  be 
desire:!,  the  amounts  of  the  above  corrections  can  be  taken  from  the  tables 
of  Guyot  or  Williamson,  and  even  then  it  is  exceedingly  doubtful  whether 


the  results  are  much  nearer  the  truth  for  introducing  them.  All  of  the 
more  importaut  corrections  are  eliminated  from  tlie  aneroid  by  its  con- 
struction and  adjustment. 

VARIATIONS    IN    THE    HEIGHT    OF    THE    BAROMETER. 

The  variation  in  the  height  of  the  mercurial  column  is  occasioned  by 
the  difference  of  weight  of  tiie  vertical  column  of  air  above  the  instru- 
ment. The  atmospliere  is  subjected  to  various  forces  and  disturbing 
causes,  about  which  very  little  is  known,  producing  fluctuations  of 
greater  or  less  extent  in  diiferent  ])ortioii8  of  the  g](>l)e.  The  i)rinci{iul 
periodical  changes  in  the  weight  of  the  atmosphere  are  two  :  First,  a 
gradual  change,  generally  extending  over  a  period  of  two  or  three  days, 
and  causing  the  barometer  to  rise  or  fall  gradually  during  that  time. 
These  changes  are,  however,  sometimes  more  or  less  sudden,  and  may 
occupy  but  a  few  hours.  Tliey  follow  no  known  laws,  and  ajipear  to  be 
occasioned  by  great  waves  in  the  atmosphere,  resembling  the  tides  in  the 
ocean,  but  occurring  without  regular  intervals.  Second,  a  regular  horary 
pulsation  occurring  at  about  the  same  hours  every  day,  and  having  a 
magnitude  entirely  independent  of  the  diurnal  variation  of  the  larger 
waves  above  mentioned.  There  are  also  changes  in  the  weight  of  the 
atmosphere  resulting  from  changes  of  temperature,  and  from  the  diiferent 
amount  of  humidity  contained  in  it  at  different  times. 

The  first  change  of  heiglit  mentioned,  or  tliat  whieh  occurs  from  day  to 
day,  is  by  far  the  greatest,  and  is  tlie  only  one  generally  noted  for  fore- 
telling the  weather.  It  usually  extends  over  large  tracts  of  country,  and 
in  settled  weather  tiie  barometer  rises  and  falls  quite  gradually  and 
uniforndy.  It  is  owing  to  the  extent  of  these  great  waves,  and  their 
slowness  and  uniformity  of  motion,  that  we  are  enabled  to  use  the  bar- 
ometer as  a  levelling  instrument. 

The  change  during  the  day,  or,  as  it  is  usually  called,  the  horary  varia- 
tion, is  a  disturbance  of  the  weight  of  the  atmosphere,  the  cause  of 
which  is  not  well  known.  It  is  probably  caused  by  the  action  of  the 
sun  in  heating  the  air.  This  is  the  more  probable,  as  the  greatest 
fluctuation  occurs  d»n-ing  the  day  while  the  atmosphere  is  becoming 
heated. 

There  are  two  maximum  and  two  minimum  points  during  the  twenty- 
four  hours.     The  averages  for  the  year  are  about  as  follows  ; 
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first  maximmn at  about     9  a.  M. 

First  minimum at  about     4  p.  m. 

Second  maximum at  a\»uut  11  v.  m. 

Second  minimum at  about     3  a.  m. 

Tlie  maximum  and  minimum  points  for  each  Huctiiatinn  are  at  about 
equal  distances  above  and  below  the  average  of  a  uniTorm  rise  or  fall. 
The  day  tiuctu  ition  is  the  larger,  that  during  the  niglit  l)eiiig  usually  less 
than  one-half  of  the  amplitude  of  tlie  preceding  wave. 

The  times  of  the  maximum  and  minimum  points  vary  willi  the  season. 
In  midsummer  they  are  as  follows  : 

First  maximum 8  a.  m. 

First  minimum .'>.30  v.  m. 

Second  maximum 12  midnight. 

Secon<l  minimum 2  a.  m. 

In  midwinter  they  are  as  folluws  : 

First  maximum 10  a.  m. 

First  minimum 2.30  p.  m. 

Second  maximum 10  p.m. 

Second   minimum 4  a.  m. 

The  times  of  these  changes  do  not  recur  with  any  great  regularity,  and 
averages  of  hourly  observations  for  many  days  are  necessary  to  deter- 
mine them.  Their  amplitude  varies  with  the  latitude;  being  greatest 
near  the  ecpiator,  and  diminishing  toward  the  poles.  The  amounts  are 
not  equal  at  all  places  of  the  same  latitude,  and  a  series  of  experiments 
is  necessary  to  determine  them  at  any  i)]ace  with  exactness. 

The  average  amounts  of  the  greatest,  or  day  variation,  above  or 
below  the  average  for  different  latitudes  at  the  sea  level, are  as  follows  : 


lat. 

IN. 

0  ° 

.091 

10  " 

.088 

20  " 

.078 

30  ° 

.062 

40  o 

.043 

50  " 

.023 

60  o 

.004 

(i2i° 

.000 

293 

The  average  amplitude  at  Girard  College,  Philadelphia,  in  lat.  40°,  is 
.034.  These  quantities  diminish  as  we  go  upward,  but  the  law  is  not 
known.     At  10,000  feet  they  are  about  one-fourth  of  the  above. 

With  regard  to  the  temperature  of  the  atmosphere,  there  seems  to  be 
no  general  law.  It  has  been  supposed  by  some  that  there  was  a  decrease 
of  temperature  of  3°  Fahr.  for  each  1,000  feet  of  altitude;  but  more 
recent  experiments  show  that  the  decrease  is  more  rapid  near  the  earth 
than  at  a  great  height.  Sometimes,  however,  it  has  been  found  that  the 
same  temperature  extended  to  a  height  of  many  thousand  feet.  It  is 
extremely  probable  that,  although  there  is  a  general  decrease  of  tempera- 
ture as  we  ascend,  yet  every  current  of  air  that  we  pass  through  has  its 
own  temperature,  acquired  in  hotter  or  colder  regions,  and  may  vary 
materially  from  the  air  above  and  below  it. 

The  humidity  of  the  air  is  also  a  very  uncertiiin  element.  The  theories 
regai'diug  its  influence  upon  the  weight  of  the  atmosphere  are  very 
imperfect,  and  do  not  seem  to  always  bear  the  test  of  experiment.  It  is 
generally  supposed  that  the  vapor  in  the  atmosphere  follows  the  law  of  a 
gas  mixed  with  the  air,  and,  according  to  the  usual  law  of  gases,  is 
densest  near  the  surface  of  the  earth.  Maj.  Williamson  has,  however, 
observed  at  Monte  Diablo,  in  Caiilornia,  a  greater  amount  of  vapor  in  the 
air  at  a  height  of  nearly  4,000  feet  above  the  level  of  the  sea  than  at  that 
level,  and  this  for  many  days  in  succession.  This  would  be  impossible 
if  the  vapor  followed  the  supposed  law. 

Is  it  not  more  reasonable  to  presume  that  various  currents  of  air  are 
charged  with  ditierent  amounts  uf  humidity,  and  that  it  remains  sus- 
pended until  an  over-satmation  or  change  of  temperature  causes  a  depo- 
sition of  visible  moisture  in  the  form  of  dew  or  rain? 

rORMULiE    FOR  COMPUTING  HEIGHTS. 

There  are  several  different  formulae  for  computing  heights  by  the  mer- 
curial barometer,  derived  from  different  authorities  and  different  data,  all 
of  which  have  their  advocates  and  are  more  or  less  used  by  the  best 
observers.  The  results  are  sufficiently  uniform,  however,  and  agree  so 
nearly  with  actual  heights  obtained  with  the  spirit  level,  where  a  com- 
parison has  been  made,  as  to  demonstrate  that  they  are  sufficiently  accurate 
to  warrant  confidence  in  their  use.  It  is  probable  that  in  some  cases  one 
formula  will  give  more  exact  results,  and  in   other  cases  another  will 
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prove  better.    For  this  reason  the  different  aiithorities  are  given  and  an 
attempt  made  to  select  that  which  will  generally  give  the  best  results. 

The  formula  given  by  Guyot  in  his  valuable  collection  of  tables  pub- 
lished by  the  Smithsonian  Institute,  and  which  is  based  upon  the  formula 
of  La  Place,  both  for  pressure  and  temperature,  derived  from  the  experi- 
ments of  Biot  and  Arago  and  the  trigonometrical  surveys  of  Ramond,  is 
as  follows  : 


>A 


^^        900 


TT 

/  A  \  7) ^ yG0l58.6  4  1 +  .0026 cos  2  i 

(^•)^-logUl+.00008967(T'-O]^'^''-'-'         ^^^^^^  ^ 

[  ^^720,886,860  + 10,443,430 
Z>  =  difference  of  height  in  feet. 

d  =  approximate  difltereuce  of  height  calculated  by  first  term. 
//=  height  of  barometer  at  lower  station. 
h   ^       "  "         "      upper  station. 

T  =  temperature  of  air  at  lower  station, 
t    =r  "  II      II      upper  station. 

T  =  "  "  barometer  at  lower  station. 

t'   =  "  "         "        "    upper  station. 

[  L  =  mean  latitude  of  two  stations. 

The  first  term  is  intended  to  give  the  approximate  height  in  feet  at  the 
temperature  of  32°  Fahr. 

The  second  is  the  correction  for  the  tem[>erature  of  the  air. 

The  third  is  a  correction  for  gravity  at  the  given-latitude. 

The  fourth  contains  the  two  corrections  due  to  a  decrease  of  gravity 
acting  on  the  mercurial  column,  and  a  decrease  of  gravity  acting  on  the 
air.  The  last  term  is  as  given  by  Guyot,  althougli  the  numerator  of  the 
last  fraction  evidently  should  be  the  approximate  height  in  feet  of  the  lower 
station  in  place  of  H. 

This  formula,  it  will  be  observed,  has  no  term  for  vapor  correction  ; 
the  effect  of  moisture  in  the  air  being  included  in  the  correction  for  tem- 
perature of  the  air. 

Plantamour's  formula,  which  is  based  upon  the  more  recent  experiments 
of  Regnault,  is  given  by  him  in  the  following  form  : 

vinr 

Vis  the  coefficient. 

>Fis  a  factor  depending  on  the  temperature  of  the  air. 

a  and  a'  the  observed  humidity  at  the  two  stations. 

g  a  factor  depending  on   the  latitude. 

D,  H,  and  h  as  before. 
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Reducing  tlie  French  measures  to  feet  and  giving  the  sanae  form  to  this 
formula  as  the  preceding,  we  have, 


(B.)  i)  =  log  4x60384.3  '''•'"'' 

-i  h  I  1 +.0026257  cos  2  i. 

ll  -I-  J/ 

M=  correction  depending  upon  the  humidity  of  the  atmosphere.  This 
is  to  be  used  in  connection  with  the  given  temperature  correction,  which 
will  not  give  accurate  results  without  it.  H  and  h  are  supposed  to  be 
reduced  to  32''  Fahr. 

The  term  for  decrease  of  gravity  in  altitude  that  appears  in  La  Place's 
formula  is  comprised  in  the  constant  in  the  first  term  of  Plantiiinour's. 

Professor  Rankine's  formula,  as  given  in  his  Civil  Engineering,  p.  92, 
with  the  correction  given  in  his  addendum,  p.  783,  is  : 

(C.)  D=6036D  Llog  /i-log  h  -.000044  (T'-r)]  ] 

1 14-. 00284  cos  2  IA^~L 


I     '  ■  '  10450000 

Ji  =  mean  of  heights  in  feet  above  the  sea  level. 

The  term  for  a  decrease  of  gravity  in  altitude,  acting  on  the  mercurial 
column,  is  wanting  in  this  formula,  and  is  probably  intended  to  be  in- 
cluded in  the  constant  in  the  first  term.  The  height  of  the  mercury  at 
the  upper  station  is  reduced  to  correspond  with  the  temperature  at  the 
lower  by  means  of  the  term  containing  T  —  t'. 

The  table  recently  prepared  by  Professor  Airey,  the  British  Astronomer 
Royal,  before  referred  to  as  being  generally  used  in  graduating  the  foot 
scale  upon  aneroids,  is  given  by  him  as  correct  at  50°  Fahr.,  or  10°  Centi- 
grade, with  a  temperature  correction  of  +  -i-ooT^  part  of  2)  for  each  degree 
Fahr.  above  or  below  T  +  ^—100  Fahr.,  or  +5^0  part  of  D  for  each 
degree  Centigrade  above  or  below  T-\-t-2Q  Centigrade. 

These  corrections  are  not  exactly  equal.  It  is  somewhat  doubtful 
whether  it  is  intended  that  the  aneroid  shall  be  adjusted  to  read  inches  of 
mercury  at  50°  Fahr.,  or  inches  of  mercury  at  32°  Fahr..  the  standard  to 
which  all  mercurial  observations  are  generally  reduced,  and  for  which 
tables  are  ordinarily  constructed.  The  difference,  however,  is  not  material, 
and  in  the  absence  of  the  formula  from  which  the  table  was  prepared,  it 
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is  reduced  to  a  formula  of  tlie  usual  form  at  32°  Fahr.  for  the  purpose  of 
comparison. 

This  is  as  follows  : 

(D.)  2,  =  605001ogf(l  +  ^:i^) 

This  formula  will  produce  all  the  quantities  of  Airey's  table,  used  with 
his  correction  for  temperature  of  the  air,  for  all  heights  of  the  barometer 
and  all  temperatures. 

Baily's  barometric  formula,  given  in  his  Astronomical  Tables  and 
Formulae,  is  as  follows,  using  the  same  notation  as  before  in  place  of  his  : 

i)  =  60345. 5l|^l+. 001111  (r+  <-64)l  X  log  [^^-X—- 


.UUUi  {T-t'). 
X  [1  +.002695  cos  2  L]. 

Putting  this  in  the  same  form  as  the  preceding  formulaj,  we  have, 

r+<-64 


(E.)         i,=G0345.5nog[i^Xj^;555|j^r3n]|; 


"*"  'Mi) 

+  .002695  cos  2  L 


The  quantity  in  the  first  term  by  which  -j  is  multiplied  is  the  correc- 
tion for  reducing  the  observed  height  of  the  upper  station  to  the  tempera- 
ture of  the  lower.  The  other  corrections  are  the  same  as  have  been  here- 
tofore explained. 

The  coefficient  of  the  first  term  is  the  same  as  that  of  La  Place  with  the 
correction  for  decrease  of  gravity  in  altitude  added. 

This  formula  has  been  used  on  the  United  States  Coast  Survey  in  pre- 
ference to  others. 

There  is  a  very  good  barometrical  formula  with  accompanying  tables, 
which  gives  the  same  result  as  Baily's  formula.     It  is  as  follows  : 

Make  R  =  log  H-B  log  h. 

Then  logarithmic  difference  of  altitude  in  feet,  or  log  D,  =  A  +  G  + 
log  7?. 

.4  is  a  tabular  logarithmic  number  depending  upon  the  sum  of  the 
detached  thermometers,  or  T-\-i. 

B  is  a,  tabular  logarithm  depending  upon  the  difference  of  the  attached 
thermometers,  or  T—t'. 

{7  is  a  tabular  logarithm  depending  upon  the  latitude. 
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The  constant  for  the  pressure  of  the  air  at  32°  and  the  correction  for 
temperature  are  evidently  both  inchided  in  A. 

To  reduce  this  formula  to  the  same  form  as  the  preceding  ones,  we  take 
the  value  of  A  at  32°  from  the  tables  and  find  the  corresponding  number 
to  be  60,346.  We  then  take  the  value  of  A  for  other  temperatures,  as  high 
as  the  tables  extend,  and  find  the  increase  to  be  uniformly  +  yuu  for  each 
1°  of  the  sum  of  the  temperatures. 

As  the  sum  of  the  logarithms  in  the  second  member  of  the  equation  is 
equal  to  log  D,  we  have,  calling  C»  the  number  correspondhig  to  Cand 
substituting  the  known  quantities  before  found  : 

(F. )  D  =  60346  X  (log  H-  B  log  h)  x  r„  x  (l  +  '^\q^^) 

which  is  of  the  same  general  form  as  those  which  have  been  previously 
considered. 

There  have  been  many  other  rules  given  for  obtaining  approximate 
heights  with  the  barometer,  but  none  of  sufficient  accuracy  or  importance 
to  merit  attention.  It  is  sometimes  convenient,  however,  to  have  a  formula 
that  can  be  used  without  any  tables  whatever.  Such  a  one  can  be  derived 
from  a  rule  proposed  by  Sir  George  Shuckburg.     This  gives  the  formula : 

_  30  g  & 
~      A 

A  =  mean  height  of  barometers  in  inches. 
a  =  difference        "  "         "        " 

b  =  &  tabular  number  corresponding  to  the  mean  detached  thermo- 
meters. 

This  can  be  put  into  a  convenient  form  as  follows : 

in  the  table  b  =  917.2  at  55°  Fahr.,  substituting,  we  have 
(G.)  i>  =  55032|^. 

Taking  other  temperatures  we  find  the  correction  for  temperature  to  be 
+  4^5  of  above  for  each  1°  Fahr.  above  or  below  a  mean  temperature 
of  55°. 

As  the  aneroid  barometer  is  not  affected  in  its  readings  by  the  varia- 
tion in  the  force  of  gravity,  it  needs  no  correction  for  the  latitude,  nor  for 
the  decrease  of  gravity  in  altitude  acting  on  the  mercurial  column. 


The  correction  for  the  decrease  of  gravity  in  altitude  acting  on  the 
density  of  the  air,  and  the  correction  for  humidity,  remain  ;  but  the  first  is 
80  small  in  amount,  and  the  second  is  so  uncertain,  even  when  observa- 
tions for  its  value  are  taken,  that  it  is  perhaps  better  to  leave  the  first  out 
altogether,  and  combine  the  second  w^ith  the  correction  for  temperature, 
as  is  done  in  all  the  preceding  formulse  except  that  of  Plantamour. 

For  the  averages  of  long-continued  observations  for  scientific  purposes, 
these  quantities  can  be  included,  but  it  is  exceedingly  doubtful  if  they 
add  to  the  accuracy  of  the  result,  even  wlien  the  mercurial  barometer  is 
used. 

Tables  for  these  values  will  be  found  in  Guyot,  and  in  Major  William- 
son's collection,  before  referred  to. 

For  all  ordinary  observations  for  diflerences  of  heights  the  corrections 
above  named  are  too  small  to  affect  the  result,  and  the  uncertainty  of  the 
vapor  correction  is  sometimes  the  cause  of  error  when  introduced,  and 
the  greater  accuracy  is  only  apparent. 

The  preceding  formula}  reduced  to  a  form  suitable  for  the  aneroid,  by 
leaving  out  unnecessary  corrections,  become  as  follows : 

La  Place's  formula  becomes. 


(A'.)  D=  60159  (log  if- log  //)  X  ("l  + 
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Plantamour's  formula  has  a  term  iHfor  humidity  to  be  added,  which,  if 
left  out,  would  make  the  temperature  correction  too  small.  The  temper- 
ature term  of  La  Place  is  therefore  substituted  for  it,  as  being  the  equiva- 
lent of  the  two  corrections  of  Plantamour. 

It  then  becomes, 

(B'O  D  =  60384  (log  H  -  log  h)  X  (l  +'^t,oo~^0 

If  it  is  desired  to  use  this  formula  with  the  vapor  corrections,  extensive 
tables  are  required  like  those  of  Guyot  or  Williamson.         [] 

Rankine's  formula  becomes, 
(C.)  D  =  60360  (log  H  -  log  h)  x  (l  ^-  ^-^^  ' 

Airey's  formula  becomes, 
(D'.)  D  =.  60500  (log  ^  -log  h)  X  (l  +  ^  "^964  ^^j 

Baily's  formula  becomes, 
(E-. )  D  =  60346  (log  7? -  log  /i)  X  (l  ^-  ^"^J~^^) 
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Formula  F  becomes, 
(F', )  D  =  60346  (log  H-  log  h)  X  (l  +  ^"'"J"^^) 

or  exactly  the  same  as  Baily's. 

In  formula}  E'  and  F'  the  coefficient  of  the  first  term  contains  the  cor- 
rection for  decrease  of  gravity  in  altitude,  which  does  not  affect  the 
aneroid,  so  that  theoretically  they  should  be  reduced  to  the  same  quantity 
as  in  La  Place's  formula.  The  same  amount  is  also  included  in  the  co- 
efficient of  Plantamour's  formula  B'.  Formula  C'  contains  the  correction 
for  decrease  of  gravity  acting  on  the  mercury  only,  and  the  coefficient 
should  be  reduced  by  about  180.  As,  however,  these  coefficients  are  all 
probably  too  small,  they  have  been  allowed  to  remain  as  they  are.  Major 
Williamson  takes  the  coefficient  of  Plantamour's  formula  as  here  given,  and 
again  adds  the  correction  for  altitude  without  inaccurate  results. 

In  the  rule  deduced  from  Sir  George  Shuckburg's  formula,  the  correc- 
tion for  temperature  of  the  air  is  too  large.  For  the  approximate  formula, 
which  can  only  be  used  up  to  about  3,000  feet  of  altitude,  no  material 
variation  will  be  made  by  dropping  the  32  feet  in  the  constant,  and  call- 
ing the  correction  for  temperature  sio;  we  shall  then  liave, 

(G'.)  I>=55000^~J+4^ 

for  each  degree  of  mean  temperature  above  or  below  55^  Fain*.,  a  formula 
very  easily  remembered, but  useful  only  when  no  table  of  logarithms  is  at 
hand. 

Upon  examining  the  first  six  of  these  formulae  we  notice  some  differences 
in  the  values  of  the  constants  for  the  pressure  term,  and  also  for  the  cor- 
rection for  the  temperature  of  the  air.  The  seeming  differences  are,  how- 
ever, quite  small  when  compared  with  each  other,  and  are  within  the 
amount  of  discrepancies  produced  by  natural  causes  of  error  in  the  obser- 
vations usually  taken  for  the  estimation  of  heights.  Thus,  in  the  formulae 
B'  C'  E'  and  F',  the  constants  for  pressure  in  the  first  term  would  be  within 
the  difference  produced  by  an  error  of  I''  Fahr.  in  the  estimation  of  the 
mean  temperature.  The  constants  have  been  mainly  derived  from  experi- 
ments upon  the  weight  of  air  and  mercury,  and  their  relative  expansion 
at  different  temperatures,  and  will  in  time  be  modified  by  continued  obser- 
vations upon  actual  heights  measured  with  the  levelling  instrument. 
From  long  continued  and  accurate  observations  at  several  places,  it  is 
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apparent  that  the  constants  are  too  small — all  the  forraulo3  giving  too  great 
a  height  in  summer  and  too  small  in  winter ;  but  the  data  are  yet  too  few 
to  warrant  a  change.  Tlie  sources  of  error  arising  from  the  humidity  of 
the  air,  and  the  difficulty  of  getting  the  exact  mean  temperature  of  the  air, 
are  far  greater  than  those  of  the  formulas.  Loiig  scries  of  careful  obser- 
vations are  necessary  to  obtain  the  exact  average  diiference  of  the  barom- 
eter and  thermometer  at  any  two  stations,  and  all  the  data  must  be  known 
with  the  greatest  precision,  and  be  compared  witli  others  at  different 
localities,  in  order  to  much  improve  our  present  fornuilse. 

From  long  continued  and  careful  observations  taken  at  Geneva  and  the 
Great  St.  Bernard,  as  well  as  from  observations  taken  in  the  United  States, 
it  is  presumed  that  the  coefficient  of  the  pressure  term  and  the  denominator 
of  the  temperature  term  should  be  increased  ;  but  the  apparent  discrepan- 
cies may  arise  from  other  causes.  It  is  supposed  that  Prof.  Airey,  in  his 
table,  has  iucreased  the  constants  for  this  reason. 

Among  the  several  formulae  presented,  the  one  which  seems  to  have  the 
greatest  weight  of  opinion  in  its  favor  is  that  of  Plantamour.  The  best 
tables  we  have  for  facilitating  comjiutations  of  heights  arc  based  upon  it, 
and  at  the  present  time  it  is,  for  mercurial  barometers,  the  best  in  use. 
The  corrections  for  temperature  and  humidity  are  both  embraced  in  it,  so 
that  for  continued  and  accurate  observations  it  enables  us  to  arrive  at 
more  accurate  results  than  any  other  formula.  These  quantities  are,  how- 
ever, of  difficult  computation,  and  are  generally  taken  from  tables.  For 
single  observations  it  will  be  equally  accurate  to  take  the  correction  for 
temperature  and  humidity  combined,  as  given  by  La  Place.  VYe  then 
have  the  formula : 

D  =  60384  (log  //-  log  h)  X  (l  +'^00^^-^) 

This  can,  however,  be  put  into  a  more  convenient  form  for  computation 
without  tables,  such  as  Williamson's  etc.  The  second  or  temperature  term, 
it  will  be  observed,  is  always  a  proportional  part  of  the  constant  in  the 
grst  term  ;  we,  therefore,  compute  the  number  of  degrees  of  temperature 
the  standard  of  the  first  term  must  be  changed  to  make  the  constant  some 
easy  multiplier,  say  60,000.  Now,  y^y  of  60384  =  67.09  ;  to  diminish  the 
constant,  therefore,  by  384  wo  must  lower  the  standard  temperature  1^2  of 
g5?l  =  2«.86,  or  nearly  3«  Fahr. 

We  therefore  have  our  standard  for  a  constant  of  60,000  at  29°  Fahr. 
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The  correction  for  temperature  now  becomes  a  certain  proportional  part 

67  09         1 
of  60,000  instead  of  60,384.    „-,'.,^  =  nnT"nearly.     As  taking  the  average 

of  temperature  correction  of  the  several  different  formulae  would  bring 
the  denonu'iiator  of  this  correction  at  29°  mucli  above  900,  we  may  still 
assume  that  value  without  error,  and  our  formula  becomes 

(H.)  D  =  fiOOOO  (log  /i-log  h)  X  (1  +  ^^=y^) 

D  =  GOGOO  (log  /i-log  /,) 
correct  at  29*^  Fahr.  +  j};^  for  eacli  1'^  of  the  sum  ot  temperatures  above 
or  below   58°  Fahr.,  or    +  4i^n  f'"  t^'ach  1^  of  tin;   mean  above   or  below 
29"  Fahr. 

For  all  ordinary  (jbsorvations  this  can  be  taken  as  correct  at  30°  Fahr. 
for  lacility  <it'  computation,  making  a  dilference   of  only  10  feet  in  4,500 
of  altitmle. 
(H'.)  D  =  GOOOO  (log  /y-log  h)  X  (l  +  '^  ^oJ"^'°) 

This  is  the  simplest  form  in  which  an  accurate  formula  can  be  put. 
Prof.  Airey's  table,  which  was  originally  made  for  the  purpose  of  gradu- 
ating aneroids  to  a  scale  of  feet,  gives  the  height  of  the  corrected  mer- 
curial column  in  inches  for  eacli  fifty  feet  of  altitude  at  50°  Fahr.  On 
reducing  this  to  the  formula  we  have  given,  we  find  that  his  constants 
have  values  agreeing  more  nearly  with  tlu' results  of  actual  observations 
than  perhaps  any  others  that  have  been  proposed.  His  standard  of  air 
temperature  at  50°  Fahr.,  or  10°  Centigrade,  is  also  very  convenient,  as  it 
is  near  the  temperature  at  which  ordinary  observations  are  taken,  and  the 
corrections  will  be  small,  and  in  some  cases  may  be  disregarded. 

His  factor  for  temperature  correction  of  tuVo  for  ^ach  1°  Fahr.  ot  the 
sum  of  the  two  temperatures,  above  or  below  100°,  is  the  most  conve- 
nient possible. 

We  also  find  that  the  formula  derived  from  his  table  agrees  with  Plan- 
tamour's  at  45^°  Fahr.,  and  only  differs  above  and  below  by  the  difference 
of  temperature  correction,  in  which  Prof.  Airey  is  probably  the  most 
correct. 

The  above  reasons,  taken  in  connection  with  the  fact  that  his  table  is 
extensively^  used  in  graduating  aneroids,  leads  us  to  prefer  his  values  to 
all  others  for  computation  of  heights.     His  table,  reduced  to  a  formula  at 
50°  Fahr.,  is, 
(I.)  D  =  62759  (log  il-log  h)(l  +  ^^™)   - 


the  coefficient  of  which  involves  too  much  labor  in  multiplying,  to  make  it 
useful.  When  reduced  to  32°  Fahr.  the  coefficient  for  pressure  becomes 
more  simple,  but  the  factor  for  temperature  g^j  becomes  inconvenient. 

See  formula  (D'). 

We  have,  therefore,  comi^uted  a  table  (No.  IV.),  from  Prof.  Aircy's  values, 
the  quantities  of  which  will  be  given  by  either  of  the  formula?  (D)  or  (I) 
at  a  temperature  of  SO-*  Fahr. 

We  then  recommend  for  computation  of  altitudes  by  the  aneroid  : 

1.  Table  IV.,  based  on  Prof.  Airey's  constants,  and  using  his  correction 

T  -\-  t  ~  1(10 
for  air  temperature  of T{M)^\ ^'  ^'"^  tabular  quantities.     This  is  the 

simplest  and  most  accurate. 

2.  When  this  table  is  not  at  hand,  tiie  formula, 

(fl'. )  D  =  GOOOO  (log  7/- log  h)  X  {^\l^~)      \      i 

or  any  table  based  upon  Plantamour's  formula  with  La  Place's  correction 
for  temperature. 

3.  Tables  based  upon  any  other  of  the  formuhe  before  given. 

4.  Where  no  tables  of  any  kind  are  at  hand, 

(G'.)  i>=55000^~J+^i^ 

tor  each  1°  Fahr.  of  mean  temperature  above  or  below  55°  Fahr. 


MODE    OF    OBSERVING    WITH    THE    ANEROID. 

On  the  maimer  of  using  any  instrument  depends  in  a  great  measure  the 
accuracy  of  tiie  results  obtained  from  it.  This  is  especially  true  of  such 
instruments  as  barometers,  where  greater  care  in  use  and  accuracy  of 
observation  are  necessary  than  with  less  sensitive  and  fragile  appa- 
ratus. 

When  an  aneroid  barometer  has  been  adjusted  and  compared,  as  before 
described,  and  it  is  desired  to  ascertain  the  reading  of  the  scale  at  any 
place,  the  instrument  sliould  be  held  hori/oiitally,  and  the  bottom  of  the 
case  gently  tapped  witli  tlie  ends  of  the  fingers.  This  must  not  be  so 
hard  as  to  make  the  index  vibrate  and  settle  at  different  points,  as  it  will 
if  struck  too  violently.  By  turning  the  aneroid,  handle  down,  and  bringing 
it  gently  back  to  a  horizontal  jjosition,  the  index  will  generally  be  found 
a  little  to  the  left  of  its  true  position  ;  a  gentle  tap,  the  force  of  which 
wdl  easily  be  determined   by  experiment,  causes   it   to   return   to  its 
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proper  position.     It  should  always  be  tapped  with  about  this  degree  of 
force. 

Some  instruments,  especially  the  larger  ones,  will  indicate  correctly 
without  the  tap,  but  not  invariably,  and  it  is  always  safest  to  tap  them 
as  described. 

In  reading  tlie  scale  great  care  should  be  taken  to  avoid  parallax.  This 
error  in  small  pocket  aneroids  may  amount  to  one  or  two  hundredths  of  an 
inch.  It  is  better  for  inexperienced  observers  to  look  with  one  eye, 
placed  in  range  with,  or  over,  the  centre  of  the  dial.  In  all  observations 
note  the  reading  ami  also  the  temperature,  both  of  the  instrument  and  the 
air.  If  for  taking  dift'erences  of  level,  note  also  the  time.  Do  not  on  any 
account  let  the  sun  shine  on  the  barometer ;  it  is  snre  to  derange  the 
readings. 

The  aneroid  should  ahvays  be  carried  with  a  guard  or  strap  to  pre- 
vent accident. 

To  insure  accuracy  in  obtaining  differences  of  level,  simultaneous 
observations  at  the  tvvo  points,  as  is  usually  done  with  mercurial  barom- 
eters, is  uiid(nibtedly  the  best  method. 

It  frequently  happens,  however,  with  the  engineer,  that  he  requires 
levels  over  a  number  of  points  at  some  distances  apart,  which  it  will  take 
some  time,  pcrhai's  half  a  day,  or  all  day,  to  pass  over.  In  this  case 
simultaneous  obstrvations  are  impracticable.  Perhaps  the  engineer  has 
but  one  aneroid.  It  becomes  necessary  then  to  pass  successively  over 
the  several  points  and  note  the  heights  shown  by  the  index,  together  with 
the  temperatures  of  the  instrument  and  the  air,  and  also  the  time.  If 
possible,  it  is  desirable  to  have  an  assistant  at  some  point  to  read  a  bar- 
ometer hourly  and  take  tlie  temperatures,  so  as  to  note  any  changes  that 
may  occur  during  the  continuance  of  the  observations.  It  is  not  necessary 
that  this  should  be  an  accurate  instrument ;  any  of  the  ordinary  hotel  or 
store  barometers  will  answer  the  purjjose.  The  observations  should, 
however,  be  reduced  to  32°.  If  the  engineer  have  no  second  barometer, 
and  there  are  none  in  use  in  the  vicinity,  it  will  be  necessary  to  correct 
his  observations  b}'  returning  to  the  starting  point  and  taking  the  reading. 
An  excellent  method  is  to  go  over  the  points  in  one  direction,  and  return, 
taking  them  over  again.  When  practicable,  this  is  usually  the  best  way, 
even  if  an  assistant  takes  hourly  observations  at  the  same  point.  The 
average  of  the  results  obtained  from  the  two  observations  at  each  point 
gives  a  great  degree  of  accuracy. 
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If,  on  a  return  to  the  startitig-])oint,  or  from  the  subsidiary  barometer, 
it  is  found  tliat  the  height  has  changed,  as  is  nsiiaUy  the  case,  it  is  best 
first  to  reduce  all  the  readings  to  tlie  same  level  as  though  the  barometer 
had  not  changed,  by  adding  or  s'lbtracting  the  proper  quantities,  propor- 
tional (o  the  time  of  the  observations,  to  the  observed  heights  at  each 
point.  If  two  readings  have  been  taken  at  each  station  all  the  heights 
can  be  computed  and  the  average  of  the  final  quantities  taken. 

To  the  station  reading  must  also  be  applied  the  corrections  for  the  tem- 
peratiu-e  of  the  instrument  and  the  urror  of  scale  readings,  if  there  are 
any.  Having  now  the  correct  reading  of  the  barometer  and  the  temper- 
ature of  the  air  at  the  several  stations,  if  we  have  no  table  of  heights  snch 
as  Table  IV.,  Williamson's,  Guyot's,  or  Galbraith's,  at  hand,  we  must  have 
recourse  to  our  formula  (H).  If  the  barometer  has  a  scale  of  feet  made 
from  a  correct  formula,  the  readings  can  be  taken  from  that,  apijroximately, 
by  noting  the  feet  opposite  the  projjcr  reading  of  the  scale  of  inches. 
The  readings  caiuiot  originally  be  taken  from  this  scale  for  accurate 
observations,  on  account  of  the  difficulty  of  making  the  necessary  correc- 
tions.    It  is  a  good  plan,  however,  to  note  both  scales. 

In  using  tlie  formula  (H')  for  a  numljer  of  consecutive  stations,  it  is  not 
necessary  to  take  the  difference  of  the  logs  for  each  two,  and  multiply  by 
60,000  ;  for  C  (log  H  —  log/^)  =  C,  log  ^  —  C  log  A,  so  we  have  only 
to  find  00,000  X  log  H  for  each  station,  and  afterwards  take  the  diflfer- 
ences  and  correct  for  temperature  of  the  air  between  each  two  stations. 

Ruling  a  page  into  six  columns,  let  us  place  the  corrected  barometrical 
readings,  the  temperature  of  the  air,  and  the  tabular  numbers,  in  the  first 
three.  If  we  have  no  table,  take  the  log  of  the  lieight  of  the  barometer 
move  the  point  fotu-  places  to  the  right,  multiply  by  six  and  place  the 
result  in  the  third  column  for  the  tabular  number.  We  then  take  the 
difference  of  the  tabular  numbers,  make  the  proper  correction  lor  the  tem- 
iierature  of  the  air  between  the  two  stations,  and  make  a  column  of  differ- 
ences. Owing  to  the  different  amounts  of  correction  for  air  temperature, 
the  difference  of  the  sums  of  the  [lositive  and  negative  differences  is  not 
generally  equal  to  the  correct  difference  of  the  two  ends  of  the  survey, 
obtained  by  direct  comparison.  The  discrepancy  should  be  adjusted  among 
all  the  numbers  in  the  difference  column,  adding  to  the  +  quantities  and 
subtracting  from  the  —  quantities,  or  vice  versa,  so  as  to  make  their  sums 
of  the  same  magnitude.     The  new  difference  thus  obtained  we  put  in  the 
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column  of  corrected  differences.  These  added  or  subtracted  successively 
forms  tlie  column  of  total  heights. 

This  is  altogether  the  best  method  of  treatiug  barometrical  observations 
taken  in  a  series.  An  example  is  given  below  from  notes  actually  taken 
Awhile  recently  visiting  the  Hoosac  tunnel.  The  notes  were  taken  with  no 
view  to  great  accuracy.  But  one  small  pocket  thermometer  was  used 
both  for  the  instrument  and  air. 

An  extra  aneroid  was  left  at  the  Engineer's  office,  at  North  Adams,  and 
there  observed  every  hour.  By  this  the  proportional  corrections  were 
made  for  the  observations  to  be  reduced  to  the  same  level.  It  will  be 
observed  that  the  barometer  was  falling  (]uite  rapidly,  the  notes  being 
taken  between  9  a.  m  and  4  p.  m. 

The  original  readings  are  also  given.  At  the  end  are  the  lieights  of 
such  of  the  points  as  have  been  determined  by  the  level,  and  the  errors 
of  the  barometrical  results. 

The  tabular  numbers  are  taken  from  Williamson's  tables.* 


1 

c 

Observed 
heights. 

Corrected 
heights. 

Temp,  of 
air. 

(3  a, 

u 

a 
£ 

5 

ai 

Total 
height. 

Height 
by  level. 

Engineer's  office 

West  end  of  tunnel 

East  end  of  brickwork. 

Top  of  west  shaft 

Bjttom  of  west  shaft  . . 
Extreme  end  of  heading. 

End  of  working  face 

Top  of  west  shaft 

Engineer's  office 

29.70 
29.63 
29.62 
29.27 
29.S8 
29.53 
29.54 
29.21 
29.57 

29  70 
29.65 
29.65 
29.31 
29.64 
29.61 
29.62 
29.31 
29.70 

Q 

62 
59 
55 
69 
53 
62 
62 
70 
69 

28547 
28503 
28503 
28200 
28494 
28467 
28476 
28200 
28547 

Diff.... 

+  47 

0 

+  323 

—  313 
+  29 

—  10 
+  297 

—  377 

+  47 
0 
+  324 
—  312 
+  29 

—  10 
+  298 

—  376 

711 

758 
758 

1082 
770 
799 
789 

1087 
711 

766 
772 

1096 
778 
805 
791 

1096 

—  8 
—14 
—14 

—  8 

—  6 

—  2 

—  9 

+  696 
—  700 

1 

—    4 

1 
1 

Table  IV.  was  not  computed  at  the  time  these  were  taken. 
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The  observations  were  made  with  the  pocket  barometer  before  men- 
tioned. The  height  of  the  Engineer's  office  was  assumed  at  711,  or  ten 
feet  by  barometer  above  the  level  of  the  railroad  track  at  tlie  North 
Adams  Station,  which  is  701  above  the  base  by  level. 

The  day  before  the  above  levels  were  observed,  notes  were  taken  on 
the  train  from  Hartford  to  North  Adams.  Those  between  Springfield  and 
North  Adams  were  taken  in  the  evening,  by  the  light  of  the  candles 
burning  in  the  car,  and  the  reading  could  be  but  imperfectly  seen.  The 
results,  however,  are  given  in  the  following  table.  They  were  reduced 
from  the  observed  heights  of  the  barometer,  assuming  Springfield  to  be 
75  feet,  and  North  Adams  Station  701  feet  above  base. 

On  the  day  after  the  observations  taken  at  the  west  end  of  the  tunnel 
the  writer  was  driven  over  the  mountain  to  the  east  end,  and  took  read- 
ings at  the  points  given  in  the  following  table.  The  corrections  were 
made  by  means  of  a  mercurial  barometer,  read  every  hour  in  North 
Adams. 

The  computed  heights  are  given  in  the  first  column,  as  found  from  the 
reading  of  the  aneroid,  in  inches,  and  computed  by  Plantamour's  formula 
(Williamson's  tables)  and  La  Place's  correcti(>n  for  temperature, giving  the 
same  results  as  formula  (H). 

The  second  column  contains  the  actual  lieights  by  the  level,  and  the 
third  the  errors  of  the  barometrical  heights. 


Heights 

by 
Barometer. 

Heights 

hy 

Level. 

Error 

of 
Barom. 

Office  at  Hartford 

85 

28 
75 

Springfield  Station 

Washington  Station 

1440 

1450 

-   10 

Pittsfield  Station 

997 

968 

+  29 

N.  Adams  Station 

701 

Engineer's  office 

711 

West  end  of  tunnel 

758 

766 

-     8 

East  end  of  brickwork .... 

758 

772 

-   14 

Top  of  west  shaft 

1087 

1096 

-   11 

Bottom  west  shaft 

770  • 

778 

-     8 

Extreme  end  of  heading. . 

799 

805 

-     6 

5,265  feet  from  west  end. 

End  of  working  face 

789 

791 

-     2 

4,970  feet  from  west  end. 

M 


Heights 

by 

Barometer. 

Heights 

by 

Level. 

Error 

of 
Barora. 

Engineer's  office 

711 

N.  Adams  Station 

701 

Five  Points  on  road 

941 

Station  69  on  road 

1310 

1304 

+    6 

Watering  place  on  road. . 

1564 

1552 

+  12 

2038 

1885 

2013 
1865 

+  25 

+  20 

On  stage  road. 

Top  of  central  sbaft 

Kemp's  brook 

1796 

1771 

+  25 

Cold  river 

1979 

On  stage  road: 
On  stage  road. 

East  summit 

2182 

2173 

+     9 

-     7 

East  end  of  tunnel 

759 

766 

' 

192 

12  8f 

Average  error. 

AVbere  long  lines  are  to  be  leveUed  over,  two  aneroids  become  necessary 
to  insure  accuracy.  In  this  case  one  observer  should  pass  over  the  ground 
in  advance  of  the  other,  a  distance  of  at  least  that  between  the  farthest 
apart  of  any  two  stations  ;  and  it  is  perhaps  better  to  include  several 
between  the  two  instruments  as  they  successively  pass  over  the  line. 

All  the  points  observed  sliould  be  marked,  and  each  observer  shoidd 
note  the  time  of  his  observations.  Simultaneous  observations  should  then 
be  computed  between  the  point  of  commencement  and  where  the  first 
observer  is  when  the  second  commences,  then  between  that  point  and 
where  the  first  observer  is  when  the  second  arrives  at  the  end  of  the  first 
distance,  and  so  on,  forming  a  chain  of  simultaneous  observations,  or  nearly 
so,  for  any  distance  desired.  A  sufficient  number  of  observations  should 
be  taken  to  insure  some  one  of  those  taken  by  the  first  observer  being 
within  a  few  minutes  of  the  time  when  the  second  arrives  at  one  of  the 
principal  stations  of  comparison.  Except  in  case  of  a  storm,  a  small  dif- 
ference of  lime  in  the  observations  may  be  disregarded. 

For  the  intermediate  stations  we  can  us'e  the  methods  before  given 
to  ascertain  the  elevations,  which  should  be  made  up  from  the  readings 
of  both  instruments  and  the  average  taken. 
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HOW    T()    PURCHASE    AN    ANEROID. 

If  yon  are  not  a  good  jndge  of  the  instrnment.  go  to  the  best  maker  or 
seller. 

If  yon  want  accnracy  prefer  a  brass  case.  The  back  plate  of  the  me- 
chanism being  secm-ed  to  the  case,  if  they  are  of  different  metals,  as  brass 
and  silver,  the  different  rate  of  expansion  by  heat  sometimes  causes  error. 

Examine  the  dial  and  see  if  the  divisions  are  engraved.  If  they  are 
stamped \\]>o\\  it  the  instrnment  is  probably  worthless  for  accm'ate  obser- 
vations. Tlie  dial  should  be  electro-plated,  and  not  washed.  See  that  the 
index  is  fine  and  slender,  and  lies  close  to  the  dial.  It  is  best  of  blued 
steel.  Have  no  central  pointer  for  sliowing  the  position  of  the  index. 
There  should  be  a  small  steel  pointer  attached  to  the  rim,  as  has  been 
described.  See  that  the  dial  has  the  number  of  inches  you  desire.  From 
six  to  ten  inches  is  a  good  range  for  engineering  purposes.  About  three 
quarters  of  the  circumference  can  be  made  to  lead  accurately. 

Tap  the  instrnment  gently  on  the  bottom  and  see  where  the  index  set- 
tles. Now  turn  the  handle  down,  aTid  bring  it  gently  back  to  a  horizontal 
position.  The  index  should  not  be  more  than  .02  or  .03  from  its  former 
position,  and  a  gentle  tap  should  always  bring  it  exactly  back  to  the  same 
reading.  Many  of  the  larger  aneroids,  and  some  of  the  small  ones,  will 
come  buck  to  the  same  position  without  tapping.  To  test  the  compensa- 
tion in  a  pocket  aneroid,  if  the  temperature  is  below  60°,  put  it  iu  an 
inside  pocket  for  20  or  30  minutes ;  if  not  compensated  it  will  show  a 
movement  of  the  n)dex.  It  should  be  allowed  to  cool  agaiji,  and  be  re- 
examined to  see  if  it  has  risen  or  fallen  during  the  experiment. 

For  a  pocket  aneroid  buy  the  largest  that  can  be  conveniently  carried  in 
the  pocket,  and  not  the  very  smallest  size.  Two  to  two  and  one-fourth 
inches  is  a  convenient  size,  and  can  be  made  accurate. 

If  the  dial  has  a  scale  of  feet,  see  that  it  is  graduated  according  to  some 
correct  formula,  by  taking  off  the  numbers  corresponding  to  each  inch 
and  comparing  them  with  some  known  table  or  formula. 

The  instrument  should  have  a  case,  so  that  the  heat  of  the  hand  shall 
not  derange  it  when  observing. 

It  is  better  also  to  have  a  thermometer  in  the  dial  inside  the  scale,  and 
dropped  lower  down,  so  as  not  to  interfere  with  the  index. 

Instrnraents  that  have  the  zero  of  the  foot  scale  at  30  inches,  particu- 
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larly  those  having  movable  scales  are  generally  erroneously  graduated, 
the  same  scale  heing  commenced  at  30  that  shoTild  be  commenced  at  31 
inches ;  they  are  moreover  inconvenient  to  use. 

The  prices  of  first  class  aneroids,  such  as  are  made  by  Pitkin  of  London, 
and  sold  by  the  best  English  dealers,  sliould  be,  in  the  United  States,  abont 
50  per  cent,  more  than  the  London  jirices.  For  an  instrument  in  brass 
case,  such  as  above  described,  reading  from  24  to  31  inclies,  the  price  in 
gold  should  be  about — 

$30  for  pocket  size. 
3o  for  medium  size,  and 
40  for  the  large  size. 

Tlie  ordinarv  Frencli  aneroids  can  be  had  for  about  half  the  above. 
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TABLE  I. 

Reduction  of  Mekcueial  Column  to  32°  Fahe. 
Brass  scale  (o  barometer  correct  at  62°  Fahr. 


TBMP. 

30" 

25" 

20" 

15" 

10" 

1" 

NOTES. 

I2 

36 

.009 
.017 

.008 
.015 

.006 
.012 

.005 
.009 

.003 
.006 

.000 
.001 

The  quantities  are 
to  be  subtracted  from 
mercurial  column  to 

40 

.031 

.026 

.021 

.015 

.010 

.001 

a^ree  with  aneroid. 

45 

.044 

.037 

.030 

.022 

.015 

.001 

The  reason  of  there 
beint;  a  correction  at 

50 

.058 

.048 

.038 

.029 

.019 

.002 

32'^  is  that  the  l>rass 

55 

.071 

.059 

,047 

.036 

,024 

.002 

scale  is  correct  at 
62°  and  malies  a  cor- 

60 

.084 

.070 

.056 

.042 

.028 

.003 

rect  iun  necessary  at 

G5 
70 

.098 
.111 

.082 
.093 

.065 
.074 

.049 
.056 

.033 
.037 

.003 
.004 

32". 

If  the  scale  is  of 
anv   other    material 

75 
80 

.125 
.138 

.104 
.115 

.083 
.092 

.062 
.069 

.042 
.046 

.004 
.005 

than  brass  the  dif- 
ference of  expansion 
of  the  two  materials 

85 
90 

.151 
.164 

.126 
.137 

.101 
.110 

.076 
.082 

.050 
.055 

.005 
005 

ni  u  s  t  be  allowed 
above  and  below  62" 
Fahr. 

95 

.178 

.148 

,118 

.089 

.059 

.006 

100 

.191 

.159 

.127 

.096 

.064 

.006 

TABLE   II. 

Latitude  Cokrection. 
Lat.  0°  to  45°  mercurial  column  too  long;  45°  to  90°  too  shoH. 


LAT, 

LAT. 

30" 

20" 

10" 

1" 

notes. 

0 

0 

5 

10 

0 

90 
85 
80 

.080 
.079 
.075 

.053 
.052 
.050 

.027 
.026 
.025 

.003 
.003 
,003 

Subtract  from 
height    of    mcrcurj' 
from  0°  to  45",  and 
add  from  45"  to  90°. 

15 

75 

.069 

.046 

.023 

.002 

20 

70 

.061 

.041 

.020 

.002 

25 

65 

.051 

.034 

.017 

.002 

30 

60 

.040 

,027 

.013 

.001 

35 

55 

.027 

.018 

.009 

.001 

40 

50 

.014 

,009 

.005 

,001 

45 

45 

.000 

.000 

.000 

.000 

311 


TABLE   III. 

COBRECTION    FOR    DECREASE    OF  GRAVITY    IN  ALTITUDE,   ACTING    ON    THE  DENSITY 
OF   THE    MeRCDRT. 


ALT. 

corrkc;tion. 

INCHES. 

CORUKCTION. 
FT.  ALT. 

NOTES. 

0 
1,000 
2,000 

.000 
.003 
.005 

0 
2.5 

6.2 

The  corrections  in  the  column  of 
inches  are  to  be  subtracted  from  the 
bei;?ht  of  the  mercury,  to  compare 
with  aneroid. 

3,000 
4,000 
5,000 
6,000 

.008 
Oil 
.013 
.015 

7.9 
10.8 
13  7 
16.7 

The  column  of  corrections  for  feet 
of  altitude  is  the  amount  to  lie  added 
to  the  results  obtained  from  mercurial 
observation.s,  to  t;et  tiie  true  differ- 
ence of  altitude  between  two  stations. 

7,000 

.017 

19.9 

8,000 

.019 

23.1 

9,000 

.021 

26  4 

10,000 

.023 

29.8 

11,000 

.025 

33.3 

12,000 

.026 

36.9 

13,000 

.028 

40  6 

14,000 

.030 

44.4 

15,000 

.031 

48  3 

16,000 

.032 

52.3 

17,000 

.034 

56.4 

18,000 

.035 

60.5 

19,000 

.036 

64.8 

20,000 

.037 

69.2 

312 


TABLE  IV. 

Table  for  estimating  Heights  by  the  Baeometee, 

r  +  <  -  100 


Correction  for  (emperahire  of  the  air  = 


1000 


Fahr. 


BAnOM- 
ETEU. 

HEIGHT 
IN  FEET. 

barom- 
eter. 

HEIGHT 
IN   FEET. 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

24.00 

697C 

24.33 

6603 

24.66 

6236 

24.99 

5874 

.01 

6964 

.34 

6592 

.67 

6225 

25.00 

5863 

.02 

6953 

.35 

6581 

.68 

6214 

.01 

5853 

.03 

6941 

.36 

0570 

.69 

6203 

.02 

5842 

.04 

6930 

.37 

6559 

24.70 

6192 

.03 

5831 

.05 

6919 

.38 

6547 

.71 

6181 

.04 

5820 

.OG 

6907 

.39 

653G 

.72 

6170 

.05 

5809 

.07 

6896 

24.40 

6525 

.73 

6159 

.06 

5798 

.08 

6885 

.41 

G514 

.74 

6148 

.07 

5787 

.09 

6873 

.42 

6503 

.75 

6137 

.08 

5776 

24.10 

6862 

.43 

6491 

.76 

6126 

.09 

5765 

.11 

6851 

.44 

6480 

.77 

6115 

25.10 

5754 

.12 

6840 

.45 

6469 

.78 

6104 

.11 

5744 

.13 

6828 

.46 

6458 

.79 

6093 

.12 

5733 

.14 

6817 

.47 

6447 

24.80 

6082 

.13 

5722 

.15 

6806 

.48 

6435 

.81 

6071 

.14 

6711 

.IG 

6795 

.49 

6424 

.82 

6060 

.15 

5700 

.17 

6783 

24.50 

6413 

.83 

6049 

.16 

5689 

.18 

6772 

.51 

6402 

.84 

6038 

.17 

5679 

.19 

6761 

.52 

6391 

.85 

6027 

.18 

5668 

24.20 

6750 

.53 

6380 

.86 

6016 

.19 

5657 

.21 

6738 

.54 

63G9 

.87 

6005 

25.20 

5646 

.22 

6727 

.55 

6357 

.88 

5994 

.21 

5635 

.23 

6716 

.56 

634  G 

.89 

5983 

.22 

5624 

.24 

6705 

.57 

6335 

24.90 

5972 

.23 

5613 

.25 

6693 

.58 

6324 

.91 

5962 

.24 

5602 

.26 

6682 

.59 

6313 

.92 

5951 

.25 

5592 

.27 

6671 

24  60 

6302 

.93 

5940 

.26 

5681 

.28 

6659 

.61 

6291 

.94 

5929 

.27 

5570 

.29 

6648 

.62 

6280 

.95 

5918 

.28 

5559 

24  30 

6637 

.63 

6269 

.96 

5907 

.29 

5548 

.31 

C626 

.64 

6258 

.97 

5896 

25.30 

5537 

.32 

6615 

.65 

6247 

.98 

5885 

.31 

5527 

313 


TABL.E   IV.-Continued. 


BAROM- 

ETEK. 

HEIGHT 
IN  FEET. 

B.4K0M- 
ETER. 

25.70 

HEIGHT 
IN  FEET. 

BAKOM- 
ETtK. 

HEIGHT 
IN  FEET. 

BAROM- 
ETER. 

HEIGHT 

IN  FEET. 

25.32 

5516 

5110 

26.08 

4710 

26.46 

4317 

.33 

5505 

.71 

5099 

.09 

4700 

.47 

4306 

34 

5494 

.72 

5089 

26  10 

4690 

.48 

4296 

.35 

5483 

.73 

5078 

.11 

4679 

.49 

4286 

.36 

5473 

.74 

5068 

.12 

4669 

26.50 

4275 

.37 

5462 

.75 

5057 

.13 

4658 

.51 

4265 

.38 

5451 

.76 

5046 

.14 

4648 

.52 

4255 

.39 

5440 

.77 

5036 

.15 

4638 

.53 

4245 

25.40 

5429 

.78 

5025 

.16 

4627 

.54 

4234 

.41 

5419 

.79 

5015 

.17 

4617 

.55 

4224 

.42 

5408 

25.80 

5004 

.18 

4607 

.56 

4214 

.43 

5397 

.81 

4994 

.19 

4596 

.57 

4204 

.44 

5387 

.82 

4983 

26  20 

4586 

.58 

4193 

.45 

5376 

.83 

4973 

.21 

4575 

.59 

4183 

.46 

5365 

.84 

4962 

.22 

4565 

26.60 

4173 

.47 

5355 

.85 

4952 

.23 

4554 

.61 

4163 

.48 

5344 

.86 

4941 

.24 

4544 

.62 

4152 

.49 

5333 

.87 

4931 

.25 

4533 

.63 

4142 

25.50 

5323 

.88 

4920 

.26 

4523 

.64 

4132 

.51 

5312 

.89 

4910 

.27 

4512 

.65 

4122 

.62 

5301 

25.90 

4899 

.28 

4502 

.66 

4111 

.53 

5291 

.91 

4889 

.29 

4492 

.67 

4101 

.54 

5280 

.92 

4878 

26.30 

4481 

.68 

4091 

.55 

5270 

.93 

4868 

.31 

4471 

.69 

4081 

.56 

5259 

.94 

.  4857 

.32 

4461 

26.70 

4071 

.57 

5248 

.95 

4847 

.33 

4450 

.71 

4060 

.58 

52S8 

.96 

4836 

.34 

4440 

.72 

4050 

.59 

5227 

.97 

4826 

.35 

4430 

.73 

4040 

25.60 

5217 

.98 

4815 

.36 

4419 

.74 

4030 

.61 

5206 

.99 

4805 

.37 

4409 

.75 

4019 

.62 

5195 

26.00 

4794 

.38 

4399 

.76 

4009 

.63 

5185 

.01 

4784 

.39 

4389 

.77 

3999 

.64 

5174 

.02 

4773 

26.40 

4378 

.78 

3989 

65 

5163 

.03 

4763 

.41 

4368 

.79 

3979 

66 

5153 

.04 

4752 

.42 

4358 

26.80 

3968 

67 

5142 

.05 

4742 

.43 

4347 

.81 

3958 

.68 

5131 

.06 

4731 

44 

4337 

.82 

3948 

.69 

5121 

.07 

4721 

45 

4327 

.83 

3938 

314 


TABLE   IV.-Continued. 


BAROM- 

ETKK. 


2G.84 
.85 
.86 
.87 
.88 
.89 

2G.90 
.'Jl 
.92 
.93 
.94 
.95 
.96 
.97 
.98 
.99 

27.00 
.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 

27.10 
.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 

27  20 
.21 


HEIGHT 
IN  FEET. 


3928 

3918 
3907 
3897 
3887 
3877 
3866 
3856 
3846 
3836 
3826 
3816 
3806 
3796 
3786 
3776 
3765 
3755 
3745 
3735 
3725 
3715 
3705 
3695 
3685 
3675 
3665 
3655 
3645 
3635 
3625 
3614 
3604 
3594 
3584 
3574 
3564 
3554 


BAROM- 
ETER. 


27.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 

27.30 
..31 
.32 
.33 
.34 
.35 
,36 
.37 
.38 
.39 

27.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.4!) 

27.50 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.59 


HEIGHT 
IN  FEET. 


3544 

3534 
3524 
3514 
3504 
3494 
3484 
8474 
3464 
3454 
3444 
3434 
3424 
3414 
3404 
3394 
3385 
3375 
3365 
3355 
3345 
3335 
3325 
3315 
3305 
3295 
3285 
3:^75 
3265 
3255 
3245 
3235 
3225 
3216 
3206 
3196 
3186 
3176 


BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

27.60 

3166 

27.98 

2794 

.61 

3156 

.99 

2784 

.62 

3147 

28.00 

2774 

.63 

3137 

.01 

2765 

.64 

.3127 

.02 

2755 

.65 

3117 

.03 

2745 

.66 

3107 

.04 

2735 

.67 

3097 

.05 

2726 

.68 

3087 

.06 

2716 

.69 

3078 

.07 

2706 

27.70 

3068 

.08 

2696 

71 

3058 

.09 

2687 

.72 

3048 

28.10 

2677 

.73 

3038 

.11 

2667 

.74 

3029 

.12 

2658 

.75 

3019 

.13 

2648 

.76 

3009 

.14 

2638 

.77 

2999 

.15 

2629 

.78 

2989 

.16 

2619 

.79 

2980 

.17 

2609 

27.80 

2970 

.18 

2600 

.81 

2960 

.19 

2590 

.82 

2950 

28.20 

2580 

.83 

2940 

.21 

2571 

.84 

2931 

.22 

2561 

.85 

2921 

.23 

2551 

86 

2911 

.24 

2542 

.87 

2901 

.25 

2532 

.88 

2891 

.26 

2522 

.89 

2882 

.27 

2513 

27.90 

2872 

.28 

2503 

.91 

2862 

.29 

2493 

.92 

2852 

28.30 

2484 

.93 

2843 

.31 

2474 

.94 

2833 

.32 

2464 

.95 

2823 

.33 

2455 

.96 

2813 

.34 

2445 

.97 

2804  j 

.35 

2435 
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TABLE  IV.— Continued. 


BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

2063 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

1705 

BAROM- 
ETER. 

HEIGHT 
IN  FEET. 

28.36 

2426 

28.74 

29  12 

29.50 

1352 

.37 

2416 

.75 

2054 

.13 

1696 

.51 

1342 

,38 

21 OG 

,76 

2045 

.14 

1686 

.52 

1333 

.39 

2396 

.77 

2035 

.15 

1677 

.53 

1324 

28.40 

2387 

.78 

2026 

.16 

1668 

.64 

1315 

.41 

2378 

.79 

2017 

17 

1658 

.55 

1305 

.42 

2368 

28.80 

2007 

.18 

1649 

.56 

1296 

.43 

2358 

.81 

1998 

.19 

1639 

.57 

1287 

.44 

2349 

.82 

1989 

29.20 

1630 

.58 

1278 

.45 

2339 

.83 

1979 

21 

1621 

.59 

1268 

.46 

2330 

.84 

1970 

.22 

1611 

29.60 

1259 

.47 

2320 

.85 

1960 

.23 

1602 

61 

1250 

.48 

2310 

.86 

1951 

.24 

1593 

.62 

1241 

.49 

2301 

.87 

1941 

.25 

1583 

.63 

1232 

28  50 

2291 

.88 

1932 

.26 

1574 

.64 

1222 

.51 

2282 

.89 

1922 

.27 

1565 

.65 

1213 

.52 

2272 

28.90 

1913 

.28 

1555 

.66 

1204 

.63 

2262 

.91 

1903 

.29 

1546 

.67 

1195 

.54 

2253 

.92 

1894 

29.30 

1536 

.68 

1186 

.55 

2243 

.93 

1884 

.31 

1527 

.69 

1177 

iG 

2234 

.94 

1875 

.32 

1518 

29.70 

1167 

.57 

2224 

.95 

1865 

.33 

1509 

.71 

1158 

.58 

2215 

.96 

1856 

.34 

1500 

.72 

1149 

.59 

2205 

.97 

1846 

.35 

1490 

.73 

1140 

28.60 

2196 

.98 

1837 

.36 

1481 

.74 

1131 

.61 

2186 

.99 

1827 

.37 

1472 

.75 

1122 

.62 

2177 

29.00 

1818 

.38 

1463 

.76 

1113 

.63 

2167 

.01 

1809 

.39 

1453 

.77 

1103 

.64 

2158 

.02 

1799 

29.40 

1444 

.78 

1094 

.65 

2148 

.03 

1790 

.41 

1435 

.79 

1085 

.66 

2139 

.04 

1780 

.42 

1426 

29.80 

1076 

.67 

2129 

.05 

1771 

.43 

1416 

.81 

1067 

.68 

2120 

.06 

1762 

.44 

1407 

.82 

1058 

.69 

2110 

.07 

1752 

.45 

1398 

.83 

1049 

28.70 

2101 

.08 

1743 

.4« 

1389 

.84 

1040 

.71 

2091 

.09 

1733 

.47 

1379 

.85 

1030 

.72 

2082 

29.10 

1724 

.48 

1370 

.86 

1021 

.73 

2073 

1    '11 

1715 

.49 

1361 

.87 

1012 

316 


TABLE    IV.    Continued. 


BAROM- 

HEIGHT 

BAROM- 

HEIGHT 

BAHOM- 

HEIGHi 

BAROM- 

HEIGHT 

KTEK. 

IN  FEET. 

ETEB. 

IN  FEET. 

ETEK. 

IN  FEET. 

ETEK. 
36.73 

IN  FEET. 

29.88 

1003 

30.17 

740 

.30.45 

488 

239 

•       .89 

994 

.18 

731 

.46 

479 

.74 

230 

29.90 

985 

.19 

722 

.47 

470 

.75 

221 

.91 

976 

30.20 

713 

.48 

461 

.76 

212 

.92 

967 

.21 

704 

.49 

452 

.77 

203 

.93 

958 

.22 

695 

.30.50 

443 

.78 

194 

.91 

949 

.23 

086 

.51 

4,35 

.79 

186 

.95 

939 

.24 

677 

.52 

426 

30.80 

177 

.96 

930 

.25 

667 

.53 

417 

.81 

168 

.97 

921 

.26 

658 

.54 

408 

.82 

159 

.98 

912 

.27 

649 

55 

399 

.83 

150 

.99 

903 

.28 

640 

.56 

390 

.84 

141 

30.00 

P94 

.29 

631 

.57 

381 

.85 

133 

.01 

885 

30.30 

622 

.58 

372 

.86 

124 

.02 

876 

.31 

613 

.59 

363 

.87 

115 

.03 

867 

.32 

604 

.30.60 

354 

.88 

106 

.04 

858 

.33 

595 

.61 

346 

.89 

97 

.05 

849 

.34 

586 

.62 

337 

30.90 

88 

.06 

840 

.35 

577 

.63 

328 

.91 

80 

.07 

831 

.36 

508 

.64 

319 

.92 

71 

.08 

821 

.37 

559 

.65 

310 

.93 

62 

.09 

812 

.38 

550 

.66 

301 

.94 

58 

30  10 

803 

.39 

542 

.07 

292 

.95 

44 

.11 

794 

30.40 

533 

.68 

283 

.96 

86 

.12 

785 

.41 

524 

.69 

274 

.97 

27 

.13 

776 

.42 

515 

30.70 

265 

.98 

18 

.14 

767 

.43 

506 

.71 

257 

.99 

9 

15 

758 

.44 

497 

.72 

248 

31.00 

0 

.16 

749 

XXIV. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

1  N  C  O  R  r  <)  R  A  T  K  D       18  5  2. 


TRANSACTIONS. 

NoTK. — The  Society  is  not  resiioiisiMe,  as  a  l)(>cly,  for  tlie  facts  and  oi)inions  advanced 
in  any  of  its  ])ul)lications. 

At  a  uieetiug  of  the  Society,  Jau.  18tli,  1871. 

DESCRIPTION  OF  THE  NEW  WKOUOHT-IRON  BRIDGE 
AT   BRIDGEPORT,  CT. 

A  paper  read  by  Mr.  Alfred  P.  Roller,  C.  E.,   member  of  the 

Society. 

This  bridge  crosses  the  Peqiionuock  river  at  an  angle  of  about  60  deg., 
and  comprises  a  total  length  of  84.5  feet.  Of  this  length  345  feet  are 
taken  np  on  the  west  side  by  an  embankment  between  retaining  walls, 
gradually  rising  with  a  grade  of  1.66  feet  per  100.  The  superstructure  of 
420  feet,  total  length,  consists  of  three  fixed  spans  of  70  feet  each,  and  one 
draw-span  of  210  feet  over  all  (centre  measurements).  The  roadway  on 
the  permanent  spans  is  thirty  feet  in  the  clear  between  trusses,  but  is  con- 
tracted at  the  draw-span  to  23  feet,  as  shown  on  the  drawing.  The  side- 
walks on  either  side  of  the  trusses  are  six  feet  in  the  clear,  except  on  the 
draw-span,  where  they  are  five  feet.  The  above  are  unusual  dimensions, 
but  so  required  by  the  Commissioners,  to  accomodate  a  heavy  and  increas- 
ing traffic. 

The  principle  of  truss  adopted  will  be  at  once  recognized  as  that  first 
recommended  by  Mr.  Whipple,  and  from  the  fact  that  the  posts  are  ver- 
tical, this  system  commends  itself  for  city  bridges  (where  trusses  are  un- 
avoidable), for  the  reason  that  such  posts  are  susceptible  of  more  aesthetic 
treatment  than  inclined  ones.     The  question  of  the  appearance  of  such 
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structures  has  too  often  but  little  consideration  from  engineers  and  town 
committees  in  these  days  of  close  competition,  which  is  much  to  be 
regretted,for  certainly  an  oT)ject  that  is  so  prominent  in  cities  and  towns  as 
a  bridge,  observed  from  necessity  perhaps  more  than  any  other  public  or 
private  work,  demands  something  more  than  simple  constructive  or 
economical  considerations. 

PermanExXT  Span. — The  trusses  of  the  permaneiit  spans  are  5  feet  83. 
inches  deep,  and  are  broken  up  into  twelve  rectangular  panels.  Each 
upper  chord  is  19  inches  wide,  and  is  composed  of  varying  thicknesses  of 
boiler-plate  riveted  to  two  six-inch  rolled  channel  bars  and  one  six-inch 
flanged  beam.  The  lower  chord  is  formed  from  weldless  links,  whose 
heads  have  been  made  by  upsetting.  These  links,  the  length  of  one 
panel,  arc  joified  by  carefully  turned  pins,  which  pins  also  form  the  con- 
nection for  the  diagonal  braces  and  posts.  The  braces  are  also  links, 
formed  as  above,  the  coimection  with  the  upper  chord  being  by  means  of 
a  jiin  passing  tlirough  the  channel  bars. 

The  vertical  posts  are  in  pairs,  and  are  the  patent  wronght-iron  column  of 
the  Phojnixlron  Co.  They  are  formed  by  liveting  together  four  segments  of 
a  true  cylinder  by  means  of  flanges  which  are  turned  ontward.  Cast-iron 
caps  and  bases,  inrned  and  fitted,  form  the  bearings  between  the  chords. 
It  siionld  be  remarked,  in  connection  with  the  braces,  that  the  counter  rods 
have  turn-buckles  upon  them,  forming  the  only  adjustable  feature  in  the 
truss.  The  floor-girders  (of  which  there  are  three  in  each  span)  are 
trussed  2^  feet  deep,  as  shown  on  drawing,  and  have  their  bearing  upon 
the  base  castings  through  the  medium  of  projecting  brackets.  The  upper 
member  consists  of  two  six-inch  channel  bars,  passing  either  side  of  posts 
with  a  plate  ten  inches  wide  riveted  on  top.  The  channel  bars  project 
beyoiid  the  trusses  to  support  sidewalks.  Horizontal  sway  braces,  inter- 
secting in  a  ring,  are  attached  to  the  floor-girders  at  their  bearing  points 
on  the  trusses.  The  three-inch  si)ruce  planking  which  f(jrms  the  road- 
way' is  supported  upon  longitudinal  stringers  of  4  X  12  white  pine,  placed 
18  inches  apart.  'J'lie  sidewalks  arc  planed  yellow  pine  plank  two  inches 
thick.  The  railing  is  of  simple  but  effective  construction,  and  made  from 
two  very  light  tee  bars  with  diagonal  strips  riveted  to  the  webs.  The 
diagonals  intersect  in  a  cast>iron  boss,  and  the  top  rail  is  finished  off  with 
a  half  romid  strip  riveted  upon  it. 

The   Dkaw-si'an,  at   present   the   largest   self-sustaining   draw    in   the 
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Eastern  States,  is  supported  upon  ;i  Parry-antifriction  pivot  and  a  circular 
drum  28  feet  diameter,  of  wrought  and  cast  iron,  bearing  upon  chilled 
wheels  in  a  live  ring.  At  intervals  heavy  diagonal  rods  connect  the 
bottom  flange  of  the  drum  with  the  pivot,  while  light  counters  run  in  the 
opposite  direction,  as  shown  on  the  drawing.  There  are  six  points  of 
contact  between  the  turn-table  and  bridge,  the  middle  contact  being 
made  by  means  of  a  heavy  cross-girder,  as  shown  on  drawing. 

The  trusses  of  this  span  are  placed  23  feet  6  inches  apart,  centre  to 
centre,  and  from  the  depth  of  the  permanent  spans  at  the  free  ends  rise 
in  an  easy  curve  to  a  depth  of  12  feet  3  inches  at  centre.  An  important 
saving  of  n)aterial  would  have  resulted  from  an  increased  central  depth, 
but  the  Commissioners  desired,  if  possible,  that  the  trusses  should  not 
be  carried  so  high  as  to  necessitate  horizontal  connection  between  the 
top  cliords.  It  may  be  remarked,  also,  that  the  height  adopted  allowed 
of  a  curve  in  more  pleasing  proportion  to  the  depth  of  the  fixed  spans. 
Owing  to  this  arrangement,  it  was  deemed  desirable  to  form  the  top  chord 
of  weMIcss  links,  the  voids  ])etween  adjacent  links  being  filled  in  with 
packing  pieces,  wedged  in  place  with  keys.  In  addition  to  this,  the  two 
sejtaratc  lines  of  links  on  either  side  of  posts  were  further  stiffened 
laterally  by  means  of  light  castings,  as  shown  upon  the  drawing. 

The  usual  riveted  arrangement  of  a  top  chord  for  such  purposes  woidd 
have  required  a  large  excess  of  metal,  for  self-evident  constructive 
reasons. 

The  lower  chord  of  either  truss  is  composed  of  four  nine-inch  channel 
bars,  of  increasing  weight  from  end  to  centre.  These  bars  are  strongly 
braced  together,  and  their  contiimity  is  assured  by  splice-plates  and  rivets. 
The  posts  are  in  pairs,  as  in  the  fixed  spans,  and  are  also  wrought-iron 
columns. 

They  are  placed  for  nine  panels,  10  feet  8  iiiches  apart,  while  the  first 
panel  on  either  side  of  centre  post  is  7  feet  6  inches  long.  The  centre 
post  over  |)ivot  is  a  single  one  for  each  truss,  and  is  comjiounded  from 
four  six-inch  chaimel  bars  and  four  segments  of  a  cylinder,  riveted 
together  by  means  of  their  flanges.     (See  section.) 

The  diagonals  are  square  bars,  with  upset  screw  ends  bearing  against 
angle  blocks,  fitting  between  shoulder  plates  riveted  to  under  side  of 
lower  chord. 

The  cross  girders  at  every  other  panel  are  single  trussed  beams  instead 
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of  double,  as  in  the  case  of  the  fixed  spans.  The  base  castings  of  the 
end  posts  have  a  circular  track  bolted  to  them,  composed  of  two  Nix-inch 
channel  bars,  back  to  back.  The  bearing  is  upon  wheels  bolted  to  the 
masonry,  and  npon  which  the  above  track  runs  as  the  draw  is  open  or 
shut.  A  self-acting,  vertical  latch  secures  the  draw  in  position  when 
closed  for  traffic,  and  is  opened  by  means  of  a  lever,  operated  at  centre  of 
bridge.  A  compound  gear  is  arrranged  on  the  drum  in  case  a  heavy 
wind  is  blowing,  or  to  ease  the  bridge  tender  in  starting  the  bridge  from 
its  bearings  after  a  long  period  of  quiescence. 

The  following  data  in  regard  to  '•  weights  "  will  prove  of  value  in  this 
connection  : 

First.     Permanent  sj^an. 

Average  weight  of  iron  per  foot 620  lbs. 

"  "       "    timber  raiHng 710   " 

—  1,330  lbs. 
Second.     Draw  span. 

Average  weight  of  iron  per  foot 1028  lbs. 

"'  "        '*    timber  railuig 57.5   " 

1,603  lbs. 

Turn-table  and  appliances 85,000  " 

In  the  presence  of  the  city  authorities  and  parties  interested  in  this 
work  a  careful  test  was  made  by  means  of  pig  iron,  with  which  the 
bridge  was  loaded  up  to  one  ton  to  the  foot.  Under  this  load  the  perma- 
nent spans  deflected  seven-sixteenths  of  an  inch,  which  was  recovered 
when  the  load  was  removed.  The  draw  was  only  loaded  half  its  length, 
the  result  being  a  deflection  of  nine-sixteenths  of  an  inch,  which  was 
rcicovcred  before  half  the  load  had  been  removed.  Had  the  draw  been 
loaded  over  its  it^hole  length  instead  of  half  its  length,  with  a  ton  to  the 
foot,  tlie  result  would  have  been  still  more  satisfactory.  The  deflection 
on  either  side  would  probal)ly  have  been  but  little  over  half  of  what 
was  exhibited.  The  result  of  these  severe  tests  is  regarded  as  eminently 
satisfactory.  Although  more  attention  has  been  given  to  festhetical  con- 
siderations than  is  usual  in  such  work,  much  more  could  have  been 
accomplished  had  the  expenditure  been  authorized.  As  it  stands,  the 
bridge  is  painted  a  pleasing  monotone  of  light  yellow  ochre,  the  effect  of 
which  would  have  been  very  much  heightened  by  picking  out  the  mould- 
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ingR,  boll-heads,  and  other  sahent  points  with  an  Indian  or  brownish  red. 
This  I  trust  will  be  done  by  the  city  anthorities  when  the  bridge  requires 
re-painting. 

It  may  be  of  interest  to  note  the  fact  that  all  tension  members  in  the 
main  trusses  were  tested  up  to  20,000  .pounds  per  square  inch,  which 
strain  they  were  required  to  stand  without  a  permanent  set. 


XXV. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Incorporated  1852. 


TRANSACTIONS. 

Note. — The  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 

At  a  meeting  of  the  Society,  Feb.  lotli,  1871. 

ACCIDENTS  TO  EAILWAY  STRUCTURES. 

A  paper  presented  by  Mr.  Thos.  C.  Clarke,  C.  E.,  ]\Iember  of 

the  Society. 

Railway  accidents  may  be  roughly  classified  as  follows  : 

I. — Bimning  off  the  trnclc  from  breakage  of  jjarts  of  engines  or  cars  } 
breakage  or  displacement  of  rails  ;  malicious  or  accidental  obstructions  on 
track. 

"H.-^Collisions  from  disregard  or  misunderstanding  of  signals ;  over- 
crowding from  badly  arranged  time-tables  ;  misplaced  switches  ;  accident 
to  train  on  one  track  throwing  it  in  the  way  of  train  on  the  other. 

ni. — Failure  of  slrudures  from  decay  or  original  bad  design  ;  shocks 
from  breakage  of  machinery,  causing  trains  to  run  off  track  while  cross- 
ing, or  from  collisions  on  bridge. 

It  has  been  observed  that  the  most  disastrous  accidents  have  resulted 
from  an  unforeseen  combination  of  two  or  more  of  the  above  causes. 

The  late  appalling  accident  on  the  Hudson  River  Railway  is  an  illustra* 
tion  of  this,  as  it  was  a  combination  of  all  three  of  the  above  principal 
caiises. 

The  primary  cause  was  the  breaking  of  the  axle  under  the  oil-car. 
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According  to  the  evidence  of  Mr.  Toucey,  Superintendent  of  the  Rail- 
way, broken  axles  have  been  known  to  run  20  miles  before  being  dis- 
covered, "  the  frozen  ground  keeping  it  up  ;  in  this  case  it  evidently 
dropped  through  the  bridge." 

The  second  cause,  therefore,  was  failure  of  a  structure  from  shock  caused 
by  breakage  of  machinery.  This  threw  the  car  from  one  track  over  upon 
the  other,  and  a  collision  resulted,  aggravated  in  its  consequences  by  the 
presence  of  petroleum,  and  from  its  being  upon  a  wooden  structure,  which 
quickly  burned  down. 

Much  severe  criticism  has  b^en  passed  upon  the  Company  because  "  the 
safety  signal,"  as  it  is  said,  "  lured  the  train  to  destruction." 

It  appears  to  have  been  overlooked  that  the  same  unhappy  result  would 
have  followed  if  the  signal-lamp  had  been  entirely  removed,  when  winter 
changed  the  bridge  from  a  movable  draw  into  a  fixed  structure. 

Moreover,  a  collision  would  have  taken  place  on  a  fixed  bridge  where 
there  never  was  any  signal,  if  the  broken  car  had  happened  to  have  crossed 
one.  In  fairness  to  the  employees  of  the  railway,  the  accident  should  not 
be  attributed  to  a  disregard  or  misunderstanding  of  signals. 

The  combination  of  a  broken  axle,  a  bridge,  a  car  laden  with  petroleum^ 
and  an  express  train  coming  up  at  the  same  moment,  were  all  required  to 
cause  this  truly  dreadful  event. 

The  object  of  the  present  paper  is  merely  to  consider  one  of  these 
points,  and  to  discuss  the  questions  whether  bridges,  as  now  constructed, 
are  sources  of  danger,  and,  if  so,  can  the  chances  of  accident  therefrom 
be  reduced  by  different  forms  of  construction  ? 

It  is  believed  that  there  is  no  instance  of  a  bridge,  designed  by  an 
American  civil  engineer,  having  broken  down  from  bad  design,  or  insuf- 
ficient material,  as  did  the  Dee  bridge  in  England,  designed  by  Robert 
Stephenson. 

All  the  bridge  accidents  in  this  country,  it  is  believed  by  the  writer  (and 
if  mistaken,  he  hopes  some  member  will  correct  the  statement),  have 
occurred  either  from  the  falling  of  temporary  trestle  work,  or  from  weak- 
ness caused  by  decay,  or  from  sudden  shocks  occurring  when  trains  have 
run  off  the  track.  Our  bridges,  both  of  wood  and  iron,  are  safe  so  long 
as  the  trains  remain  upon  the  track.  How  many  of  them  are  absolutely 
safe  under  all  circumstances?  If  not,  how  can  we  make  them  so  ?  or  at 
least  diminish  the  chances  of  accident?     This  is  the  practical  question. 
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It  was  a  practice  in  English  bridge  construction  introduced  by  Brunei, 
and  now  falling  into  disuse,  to  make  the  platform  of  a  bridge  in  the  shape 
of  a  trough,  which  was  filled  with  gravel  or  broken  stone  ballast,  and  the 
ties  laid  in  it,  just  as  on  earthworks. 

The  reasons  given  by  Mr.  Brunei  for  tliis,  were  as  follows  : 

1.  To  enable  the  alignment  and  level  of  the  rails  to  be  maintained  by 
the  same  men  and  with  the  same  tools  as  on  other  parts  of  the  line. 

2.  To  prevent  concussion  when  a  train  came  upon  a  bridge,  as  there 
was  no  change  in  the  nature  of  the  support  given  the  rails. 

3.  To  prevent  vibration  being  transmitted  to  the  iron-work  of  the 
bridge. 

4.  In  case  of  trains  getting  off  the  rails,  to  prevent  their  ploughing 
through  the  flooring. 

5.  To  protect  timber  flooring  from  fire. 

6.  To  provide  for  changes  of  length  caused  by  temperature. 

7.  To  increase  dead  weight  on  short  spans  so  that  there  might  be  no  jar 
from  the  rapidly  applied  load  of  a  locomotive. 

It  was  Brunei's  belief  that  the  cost  of  the  extra  material  required  to 
support  the  ballast,  was  more  than  compensated  by  the  above  advan- 
tages. 

Most  American  engineers  would  say  that  the  first  object  was  of  little 
consequence ;  that  the  second  and  third  are  equally  well  provided  for  by 
a  wooden  system  of  flooring ;  that  to  use  ballast  for  the  fifth  would  do 
more  harm  than  good,  because  the  timber  and  plank  would  rot  unseen  ; 
the  sixth  can  be  accomplished  more  easily  in  other  ways ;  and  that  the 
seventh  had  better  be  attained  by  making  the  iron-work  heavier.  The 
fourth,  that  of  preventing  trains  ploughing  through  the  floor,  ought  to 
be  accomplished  at  any  cost.  But  let  us  examine  if  there  is  not  a  better 
way. 

The  weight  of  the  ballast  itself  averages  about  500  lbs.  per  ft.  run,  and 
that  of  the  additional  parts  of  platform  necessary  to  support  it  about  500 
lbs.  more.  In  other  words,  it  weighs  as  much  as  the  iron  work  of  an 
American  truss  bridge  of  150  feet  span,  or  an  English  plate  girder  of  IIQ 
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feet  span.  This  great  addition  of  dead  weight  has  prevented  its  adop- 
tion here,  and  caused  its  disuse  in  England. 

The  object  which  it  was  intended  to  accomplish  was  excellent,  and  it  is 
to  be  feared  that  this  has  been  too  much  neglected  in  the  rough  and  ready 
style  of  construction  adopted  in  our  earlier  bridges  at  least. 

If  the  train  jumps  the  tracl?  while  crossing,  it  falls  through  a  space  equal 

to  the  height  of  rail 4)^  in. 

"  "  track  stringer 12      " 

'«  "  cross  tie 5i^  " 
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inches  in  all  upon  the  floor  beams,  which,  in  most  cases,  would  either  be 
broken  outright  by  the  shock,  or  crowded  apart  by  the  wheels  of  the 
engine,  so  that  it  would  drop  through  the  bridge. 

The  arrangement  of  platform  on  most  iron  bridges  is  still  more  danger- 
ous, as  the  floor  beams,  though  of  iron,  are  placed  in  pairs  together,  and 
from  10  to  15  feet  apart,  so  that  there  is  nothing  to  prevent  the  engine 
from  dropping  between  them  if  it  once  leaves  the  rails.  This  is  shown  in 
Figures  1  and  2  of  the  accompanying  sketch. 

There  is  a  mode  of  construction  shown  in  plan  and  section  in  Figs.  3 
and  4,  which  is  in  use  upon  some  of  the  Pennsylvania  coal  roads  which  is 
much  better  provided  to  secure  safety  in  case  of  trains  leaving  the  rails. 

The  track  stringers  are  numerous,  and  are  strong  enough  to  resist  a 
severe  shock.  The  ties  are  made  of  4  x  12  in.  plank  on  edge  placed  6  or 
8  inches  apart  and  blocked  between  every  one,  both  at  each  end  and  under 
the  rails. 

It  will  be  observed  : 

1.  That  the  distance  that  the  wheels  can  fall  cannot  exceed  the  height 
of  the  rail  or  4i  in. 

2.  That  the  platform  is  broad  enough  to  support  the  wheels  even  if  the 
train  is  off  the  track. 

3.  That  the  ties  are  so  close  that  the  wheels  cannot  drop  between  them, 
and,  being  firmly  blocked,  cannot  be  crowded  apart  so  as  to  leave  a  space 
through  which  a  car  or  engine  may  fall. 

In  addition  to  this  there  should  be  heavy  guard  timbers,  as  shown,  on 
each  side,  to  prevent  the  engine  striking  the  trusses  of  the  bridge  before 
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its  motion  is  arrested.  There  should  also  be  a  few  planks  spiked  together 
lengthwise,  so  as  to  support  the  track  in  case  of  an  axle  or  wheel  break- 
ing. 

If  such  an  arrangement  does  not  insure  perfect  safety,  it  certainly 
diminishes  the  chances  of  danger  far  below  those  which  are  inseparable 
from  the  style  of  construction  shown  in  the  drawing,  which  it  is  believed 
is  the  style  commonly  used  in  this  country. 

As  the  one  object  of  bridge  building  is  to  insure  the  safety  of  what  is 
carried  across  the  bridge,  it  would  seem  desirable  that  some  of  the  super- 
fluous talent  which  fills  our  engineernig  papers  and  magazines  with  elabo- 
rate calculations  upon  tlie  strength  of  the  parts  of  the  main  trusses  of 
bridges,  none  of  which  were  ever  known  to  fail,  should  be  diverted  to 
drawing  the  attention  of  railway  managers  to  a  safer  construction  of  the 
floor  S3  stem  than  now  prevails, 
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Provincetown  Hnrbor,  near  the  extremity  of  Cape  Cod,  is  of  crroat  im- 
portance, as  a  liarbor  of  refuge,  to  the  Commerce  of  ^lassachusetts.  It  is 
nearly  land-locked  by  dunes  of  sand,  and  it  has  a  shallow  branch,  about 
three  miles  in  length,  called  East  Harbor,  into  Avhich  the  sand  from  the 
dunes  and  outer  beach  was  blown  by  the  wind  and  carried  b}-  the  ebb  tide 
into  Provincetown  Harbor,  shoaling  it  on  the  easterly  side.  To  prevent 
this,  the  State  of  Massachusetts,  in  1868  and  1869,  built  a  dike  across  the 
channel  connecting  the  two  harbors. 

The  last  seven  miles  of  the  Cape  is  composed  exclusively  of  coarse 
sand,  which  has  evidently  been  washed  up  by  the  waves  and  currents  to 
the  beaches  and  blown  from  them  into  the  dunes,  some  of  which  exceed  a 
hundred  feet  in  height.  The  sand  is  silicious,  and  of  a  grain  and  sharp- 
ness eminently  suitable  for  building  purposes,  and  so  perfectly  free  from 
earthy  matter  that  washing  it  in  clear  water  scarcely  discolors  the  water. 
From  a  boring,  and  the  general  depth  of  water  in  the  neighborhood,  it  has 
been  inferred  that  sand  of  nearly  uniform  character,  with  some  admixture 
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of  shells,  extends  to  :i  cki)tli  of  hetweeii  one  and  two  hundred  feet  below 
high  water  mark. 

The  site  selected  for  the  dike,  is  a  point  in  the  channel  between  the 
two  harbors,  where  it  is  about  1100  feet  wide  at  high  water.  At  low  water 
this  channel  was  nearly  dry,  the  bed  being  sand  of  exactly  the  same  quality 
as  the  neighboring  dunes.  The  velocity  of  the  current  through  this  chan- 
nel, during  parts  of  every  ordinary  flood  tide,  was  about  two  and  a  half 
feet  per  second,  and  during  parts  of  the  ebb  tide,  three  feet  per  second, 
which  being  much  above  that  required  to  act  on  sand,  caused  a  constant 
movement  of  this  material,  backward  and  forward  with  every  tide.  In  a 
high  course  of   tides  the  velocities  were  considerably  greater. 

The  area  of  the  flats  and  marshes  of  East  Harbor  is  about  nine  hundred 
acres,  covered,  in  high  tides,  with  water  flowing  through  the  channel  to  a 
depth  varying  from  a  few  inches  to  about  eight  feet;  the  mean  rise  of  tide 
in  Provincetown  Harbor  being  about  nine  feet. 

The  only  matei'ial  in  the  neighborhood,  available  for  the  construction 
of  the  dike,  was  sand  from  the  dunes;  but  it  was  obviously  useless  to  at- 
tempt to  form  the  dike  by  a  simple  embankment  of  this  material,  filled  in 
the  usual  manner  from  the  shores,  for  as  soon  as  the  channel  was  contracted 
to  a  certain  extent,  no  further  progress  could  be  made,  as  the  current  at 
each  tide  would  carry  away  all  tlie  material  put  in  since  the  preceding  tide, 
or  scour  out  the  bottom  to  an  equal  amount.  To  meet  this  difficulty,  be- 
fore the  main  part  of  the  embankment  was  formed,  the  channel  was  closed 
by  a  timber  dam.  In  arranging  for  this  it  was  necessary  to  provide  for  the 
ebb  and  flow  of  the  tide  through  the  channel,  up  to  the  time  of  closing,  by 
some  means  that  would  not  cause  the  bottom  to  scour.  The  plan  adopted 
is  represented  in  the  accompanying  sketch. 

C,  D,  E,  F,  Fig.  1,  and  A,  B,  Fig.  2,  are  a  plan  and  vertical  section  of 
a  timber  apron,  six  hundred  feet  long  and  twenty-five  feet  wide,  on  which 
the  dam  was  erected.  The  water  was  prevented  from  passing  under  the 
apron  by  the  sheet  pilings,  C,  C,  Fig.  2,  and  around  the  ends  by  the  timber 
abutments,  G,  G,  Fig.  1,  which  were  connected  with  the  shores  by  sheet 
pilings,  H,  H,  and  embankments  of  sand.  The  flow  of  the  tide  through 
the  channel  was  then  confined  to  the  space  between  the  abutments  and 
above  the  apron.  This  reduced  the  section  of  the  channel  to  about  one- 
half  its  original  area  and  the  velocity  of  the  current  at  this  point  was,  of 
course,  about  doubled.  To  prevent  the  scouring  of  the  bottom  of  the 
channel,  to  a  dangerous  extent,  on  each  side  of  the  apron,  it  was  rip-rapped 
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for  a  distance  of  about  twelve  feet  on  each  side,  as  represented  at  D,  D, 
Fig.  2.  The  sheet  piling  was  driven  from  a  staging  represented  by  dotted 
lines  in  Fig.  2  ;  it  was  driven  into  the  sand  bottom  to  a  depth  of  about 
twelve  feet,  and  cut  off  at  low  water  at  about  two  feet  above  the  bottom. 

It  was  necessary  to  drive  the  sheet  piles,  before  the  rip-rap  in  their  im- 
mediate vicinity  was  put  in,  otherwise  the  stone  would  have  interfered  with 
the  driving.  To  protect  the  bottom  from  scour  in  the  neighborhood  of 
the  piles  as  they  were  being  driven,  it  was  covered  with  sand  bags,  which 
offered  no  obstruction  to  driving. 

To  close  the  channel,  frames  H,  H,  Fig.  2,  were  erected  on  the  apron, 
ten  feet  apart,  to  support  the  vertical  planking,  which  was  dropped  in  be- 
tween the  posts  I,  I,  when  the  channel  was  linally  closed,  Nov.  4,  1868. 
An  embankment  of  sand  from  the  neighboring  dunes  was  then  made  with 
the  apron,  dam,  etc.,  buried  in  its  centre,  which  forms  the  permanent 
dike. 

The  porous  character  of  the  sand  allows  the  pressure  of  water  to  be 
communicated  through  it  for  considerable  distances;  the  effect  of  this  Avas 
shown  at  a  small  freshwater  pool  in  the  neighborhood,  about  three  hun- 
dred feet  from  high  water  mark.  At  high  water,  or  soon  after,  the  water 
covered  an  area  of  several  hundred  scjuare  feet,  the  greatest  depth  being 
about  two  feet.  At  low  water  the  pool  was  entirely  dry,  the  water  appear- 
ing and  disappearing  regularlj'  with  every  tide.  . 

The  water  shut  in  by  the  dike  is  now  brackish  and  lias  an  area  of 
about  two  hundred  and  fifty  acres,  and  has  assumed  a  level  near  half-tide. 
Ordinarily  there  are  no  freshwater  streams  or  springs  flowing  into  it.  At 
high  water  there  is  a  considerable  percolation  into  it  through  Beach  Point, 
the  long,  narrow  strip  of  sand,  a  few  feet  above  high  water,  separating  it 
from  Provincetown  Harbor;  the  salt  water  showing  itself  in  numerous 
little  rills  on  the  flats,  which  disappear  at  low  tide.  From  the  permanence 
of  the  level  of  the  surface  of  the  water  shut  in,  it  is  obvious  that  there 
must  be  an  equal  amount  percolating  out  at  low  tide. 

From  the  porous  character  of  the  sand,  fears  were  entertained  that  on 
closing  the  channel,  the  quantity  of  water  percolating  through  it  under  the 
sheet  pilings,  would  be  so  great  as  to  cany  the  sand  with  it,  or  perhaps 
give  it  such  a  semi-fluid  character,  that  the  apron  and  its  pilings  would 
yield  to  the  pressure.  That  some  such  effect  was  not  produced  is  probabJy 
due  to  the  homogeneousness  of  the  sand,  which  allowed  the  water  percola- 
ting through  it  to  be  diffused  through  a  lar^e  mass.     Two  or  three  instances 
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have  come  to  m_v  knowlcdu^c  in  otlier  localities,  where  sand  resembling 
this  in  quality,  but  in  tliin  layers,  confined  between  impervious  strata,  has 
been  carried  out  by  the  percolation  of  water,  under  pressure,  allowing  the 
superincumbent  strata  to  settle.  In  these  cases  the  mischief  was  attributed 
to  the  concentration  of  the  action  of  the  water  on  a  small  body  of  sand;  if 
the  adjoining  strata  for  a  considerable  thickness  had  been  equally  pervious 
to  water,  there  would  have  been  no  such  concentration,  and  there  was 
reason  to  think  that  the  sand  would  not  have  been  carried  out. 


XXVI 1. 

AMEKIOAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Incorpoeated    1852. 


TRANSACTIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 

At    the    Second    Annual    Convention   of    the   Society,   June 

15th,  1870. 

WAVES  OF  TRANSLATION  IN  FRESH  WATER. 

A  paper  read  by  Hon.Wm:,  J,  McAlpixe,  C.  E.,  Member  of 

the  Society. 

An  exceedingly  interesting  case  has  been  lately  heard  and  decided  by  the 
Board  of  Canal  Apprai.sers  of  the  State  of  New  York,  tlie  solution  of  which, 
hinged  entirely  upon  engineering  testimonj-,  and  is  the  more  interesting  to  the 
profession,  inasmuch  as  the  counsel  upon  both  sides  had  as  associates,  civil  en- 
gineers, who  really  conducted  all  that  part  of  the  case,  in  which  professional 
questions  were  involved. 

On  the  part  of  the  State  and  defense,  was  the  legal  counsellor,  Charles 
Rhodes,  who  was  also  an  hydraulic  engineer,  and  was  assisted  by  Professor 
D.  M.  Greene,  a  member  of  the  American  Society  of  Civil  Engineers,  and  Mr. 
L.  L.  Nichols,  C.  E. 

On  the  part  of  the  claimants,  were  "V\'m.  J.  McAlpine,  late  President  of  the 
Society,  Charles  H.  Haswell,  a  member  thereof,  and  Samuel  McElroy,  C.  E. 

The  general  outlines  of  the  case  were  as  follows: 

On  the  21st  of  April,  1869,  an  earthen  embankment,  which  had  been  built 
in  1856,  at  the  headwaters  of  the  Black  River,  by  the  State,  to  form  a  retain- 
ing reservoir,  for  supplying  water  to  the  Black  River  Canal,  in  the  dry  seasons, 
gave  way,  and  precipitated  three  thousand  millions  of  gallons  of  water  into  the 
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river,  and  flowing  down  carried  away  several  large  mill-dams,  the  waters  cf 
whicli  increased  the  flood  wave  from  the  reservoir,  until  it  reached  Lyons  Falls, 
wliere  tliese  accumulated  waters  fell  nearly  perpendicularly  53  feet  into,  what 
has  been  termed  "  the  pool"  of  the  Black  River. 

This  "  pool "  is  a  flat  portion  of  the  river,  forty  miles  long,  between  Lyons 
Falls  and  Carthage,  with  an  hydraulic  slope  of  5  feet  in  low  water,  and  at  this 
time  (when  the  river  was  swollen  by  a  heavy  freshet,)  with  a  slope  of  15  feet. 

The  reservoir  wave,  in  jJassing  over  the  dam  above  Lyons  Falls,  was 
claimed  to  be  about  four  thousand  millions  of  gallons,  and  was  ten  hours  in 
passing  over  this  dam,  from  the  front  to  the  rear  end  of  the  wave.  About  two- 
thirds  of  the  increased  volume  of  the  water  (that  is,  of  the  reservoir  wave 
strictly,)  passed  over  the  dam  in  five  hours 

From  the  testimony  in  the  case  and  the  calculations  of  the  rate  of  flow  of 
the  water,  no  considerable  portion  of  the  reservoir  wave  water  reached  the 
lower  end  of  the  "  pool"  at  Carthage  in  less  than  six  hours. 

A  portion  of  the  State  dam  at  Carthage,  forty  miles  below  Lyons  Falls, 
gave  way  about  two  hours  after  the  reservoir  water  began  to  plunge  into  the 
pool  at  Lyons  Falls,  and  the  claimants  alleged  that  the  additional  waters  of  the 
pool,  liberated  by  the  breakage  of  the  dam,  flowed  down  the  river  and  caused 
the  great  devastation,  which  was  produced  for  twenly  miles  below  Carthage, 
particularly  at  Watertown. 

For  the  damages  at  and  below  Carthage,  the  State  Appraisers  awarded  to 
the  claimants  about  f  300,000,  on  the  ground  that  the  breakage  of  the  Carthage 
dam  and  the  release  of  the  waters  of  the  pool,  and  the  "  displacement  wave  " 
at  Carthage,  produced  by  the  plunge  of  from  one  to  two  hundred  tons  addi- 
tional per  minute,  falling  fifty-three  feet,  was  the  measure  and  effect  of  the 
reservoir  water. 

The  seeming  paradox  in  this  case  is,  that  the  reservoir  water  should  have 
produced  these  effects,  at  and  below  the  Carthage  dam,  four  hours  before  the 
water  itself  did  reach  the  dam. 

The  claimants  alleged  that  an  unusual  and  extraordinary  rise  of  water  oc- 
curred at  the  Carthage  dam,  about  two  hours  after  the  reservoir  wave  in  volume 
began  to  plunge  over  Lyons  Falls. 

The  defendants  alleged  tliat  whatever  this  rise  was,  it  was  due  to  the  flood 
waters  from  the  large  tributaries  of  the  Black  River  below  Lyons  Falls,  and 
that  it  was  impossible  for  the  reservoir  water  to  eft'ect  a  displacement  swell, 
though  the  winding  channel  of  the  pool,  and  its  enlargements  to  tliree  miles 
wide  in  some  places,  and  in  others  to  contractions  of  only  a  tiiousand  feet,  and 
where  the  cliannel  constantly  varied  greatly  in  depth,  and  that  the  momentum 
of  the  water  falling  fifty-three  feet,  was  nearly  destroyed  at  or  near  the  falls, 
and  could  not  have  extended  more  than  a  few  miles  below,  and  would  be  in- 
sensible at  the  dam  at  Carthage. 

Mr.  McElroy  was  a  leading  witness  on  the  part  of  the  claimants,  and  he 
brought  forward  in  support  of  his  views  the  theory  of  the  wave  of  translation, 
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as  enunciated  in  1S3Y,  and  subsequently  by  J.  Scott  Russell,  C,  E.,  of  London. 
This  theory  is  given  at  length  in  Beadmore's  Hydrology,  page  207. 

J.  Scott  Russell  says  of  "  the  primary  wave,"  "  That  the  velocitj-  of  this 
wave  in  channels  of  uniform  depth  is  independent  of  the  breadth  of  the  fluid, 
and  equal  to  the  velocitj^  acquired  by  a  heavy  body,  falling  freely  by  gravity 
through  a  height,  equal  to  half  the  depth  of  the  fluid,  reckoned  from  the  top  of 
the  wave  to  the  bottom  of  the  channel. 

"  That  the  velocity  of  this  priniar\'  wave  is  not  affected  bj-  the  velocity  of 
impulse,  with  which  the  wave  has  been  originally  generated,  neither  do  its 
form  or  velocity  appear  to  be  derived  in  any  way  from  the  generating  body. 

"  The  great  waves  of  translation  are  reflected  from  surfaces  at  right 
angles  to  the  direction  of  their  motion,  without  suffering  any  change  but  that 
of  direction. 

"  The  great  primary  wave5  of  translation  cross  each  other  without  change 
of  any  kind." 

The  following  table  was  prepared  from  very  careful  experiments  at  ten 
stations,  on  thirty-eight  miles  of  the  tide  wave  of  the  Clyde  : 

TABLE. 


MEAN    DEPTU. 

VELOCITIES   MILES    PER    HOUR. 

DISTANCE, 

FEET. 

CALCULATED. 

MEASURED. 

MILES. 

240  to  360 

60  to  80 

80 

20 

25 

19.3 

20 

8 

6 

8.6 

8.1 

5 

15 

14.9 

15 

5^ 

Mr.  Haswell  also  stated,  that  his  wave  of  translation  was  illustrated,  by  the 
tidal  wave  of  the  Hudson  river,  which  in  a  flood,  flows  up  to  Albany  ITO 
miles  in  15  hours,  against  an  actual  fresh  water  current  of  an  average  of  two 
miles  an  hour,  and  while  the  wave  proceeds  forward  without  reference  to  the 
expansions  and  contractions  of  the  channel,  bodies  floating  upon  the  surface  of 
the  river  are  actually  flowing  against  the  wave,  and  no  salt  water  whatever 
passes  above  Poughkeepsie. 

This  illustration  is  the  mors  remarkable  as  the  Ocean  wave,  which  gives 
motion  to  the  Hudson  River  wave,  moves  from  east  to  west,  while  the  latter 
moves  exactly  at  right  angles  to  it,  viz.,  from  south  to  north. 

Mr.  Mc  Alpine  expressed  his  views  on  this  wave  of  translation  substantially 
according  to  the  Russell  theory,  stating  that  in  this  case,  each  particle  or  par- 
ticular quantity  of  the  volume  of  the  reservoir  water,  as  it  plunged  over  the 
falls  at  Lyons,  produced  a  percussive  efl"ect  on  the  water  in  the  pool,  which  was 
measured  by  its  weight  into  its  velocity,  or,  in  other  works,  its  momentum. 
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That  this  effect  was  distributed,  first,  in  the  recoil  of  the  water  impinged 
upon  against  the  rockj^  sides  and  upper  end  of  the  pool  immediately  at  the 
fall,  and  next,  in  producing  an  increased  current  in  the  water  then  in  the  pool- 
and  the  residue  of  this  vast  developed  force,  which  could  not  be  immediately 
absorbed  in  the  movements  above  alluded  to,  in  the  transmission  of  a  wave  of 
force  in  the  direction  of  the  line  of  least  resistance,  viz.,  in  that  of  the  already 
flowing  waters  down  stream,  produced  by  the  freshet  c>r  flow  of  water  in  its 
regular  channel  towards  the  Carthage  dam. 

The  loss  of  force  of  this  immense  volume  of  the  reservoir  water  on  the 
sides  and  upper  end  of  the  pool,  at  the  foot  ©f  the  falls,  was  inconsiderable, 
perhaps  in  all  (including  some  losses  not  before  spoken  of,)  it  may  have 
amounted  to  ten  per  cent.,  and  this  remainder  of  the  amount  of  developed 
force,  was  directed  against  tlie  water  in  the  pool,  first,  to  produce  a  pressure 
against  it,  as  in  a  closed  pipe,  and  subsequently  in  an  elevation  of  the  water 
at  the  pool,  equal  to  the  hydrostatic  head  required  to  deliver  the  additional 
volume  of  the  reservoir  water,  in  its  ordinary  way  in  the  river  channel. 

In  this  case  the  Russell  law  of  the  tidal  wave  of  translation,  which  pro- 
duces but  one  act  of  propulsion,  becomes  a  constant  force,  under  the  continued 
deliveries  of  the  reservoir  water,  and  a  succession  of  waves  of  translation 
ensue,  each  of  which  overlap  the  preceding  ones  until  they  become  a  slope  of 
translation,  extending  from  the  pool  below  Lyons  Falls,  to  the  dam  at  Carthage. 

The  important  point  in  this  case  was  to  determine  whether  this  wave  of 
translation  was  not  obliterated  by  the  configuration  of  the  river  below  Lyon's 
Falls,  in  consequence  of  the  extreme  changes  of  the  depth  and  width  of  the 
river  channel  between  these  points. 

To  illustrate  this  subject  he  stated  that  if  in  a  close  pipe  of  considerable 
length,  being  already  filled  with  clear  water,  a  small  quantity  of  colored  water 
was  poured  in  at  one  end,  almost  immediately  an  equal  quantity  of  the  clear 
water  would  be  discharged  at  the  other  end,  and,  if  this  experiment  was  con- 
tinued, the  colored  water  poured  in  would  not  discharge  at  the  lower  end  of 
the  pipe  until  all  of  the  dear  water  was  forced  out  of  the  tube. 

Following  this  was  a  statement  that  if  the  top  of  this  tube  was  removed 
and  the  sides  carried  up,  so  as  to  prevent  any  splashing  over,  nearly  the  same 
effects  would  be  produced,  viz.: 

That  the  effect  of  pouring  in  colored  water  at  the  upper  end  of  the  ojjen 
pipes  would  in  all  cases  be  to  almost  immediately  displace  exactly  the  same 
amount  of  clear  water  at  the  lower  end  of  the  open  tube,  long  before  any  of 
the  colored  water  could  reach  the  lower  end. 

To  demonstrate  this  proposition  ocularly,  Mr.  McAlpine  constructed  a 
wooden  box,  eight  feet  long,  six  inches  wide,  with  sides  a  foot  in  height,  and 
at  the  lower  end  placed  a  block  which  extended  four  inches  above  the  bottom. 

He  tried  various  experiments  with  this  box  in  the  presence  of  the  Board 
and  of  the  counsel  on  both  sides  and  of  the  Engineering  witnesses. 

On  the  first  trial  red-colored  water  was  poured  into  the  box  (already  full  of 
white  water),  and  in  two  and  a  quarter  seconds  the  white  water  already  in  the 
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box  was  discharged  in  successive  waves;  and  in  each  case  the  white  water  dis- 
charged at  the  lower  end  of  the  box  channel  was  exactly  equal  to  the  quantity 
of  red  water  which  was  poured  in  at  the  upper  end. 

This  red-water  was  subsequently  poured  in  at  the  upper  end  in  quantities 
as  nearly  equal  as  possible,  and  continuous,  when  the  stream  of  white  water  was 
delivered  in  just  two  and  a  quarter  seconds  after  the  plunge  was  made,  although 
the  actual  red  water  was  in  this  case  four  minutes  in  passing  down  in  the 
channel  of  the  stream ;  that  is,  that  the  "  wave  of  translation  preceded  the 
wave  of  motion  as  \'-^%%,  or  as  one  to  0.09." 

As  the  case  had  to  be  argued  before  a  Court  not  skilled  in  engineering 
questions,  and  in  the  presence  of  adroit  counsel,  it  was  necessary  to  present 
the  experiment  as  nearly  as  possible  under  the  same  circumstances  as  those  in 
the  river ;  that  is,  with  the  channel  alternately  contracted  and  expanded,  and 
curved  and  deflected,  and  with  its  depth  increased  and  decreased. 

For  this  purpose  he  had  a  number  of  tapering  blocks  made,  which  were 
nailed  to  the  bottom  of  the  box  on  the  inside,  which  reduced  the  depth  one-half 
in  a  number  of  places,  and  similar  blocks  nailed  on  each  side  of  the  cJuinnel, 
which  reduced  the  width  at  those  places  to  one-third  and  two-thirds,  and  ren- 
dered the  channel  quite  crooked.  After  these  obstructions  had  been  put  in, 
the  experiment  was  repeated,  and  in  two  and  a  quarter  seconds  after  the  col- 
ored water  was  poured  in,  at  the  upper  end,  clear  water  in  equal  quantities 
flowed  out  at  the  lower  end. 

This  showed  conclusively  that  these  obstructions  produced  but  little  effect 
upon  the  velocity  of  the  wave  of  translation. 

It  has  been  said  that  there  was  but  little  effect  upon  the  velocity.  The 
experiment  showed  no  effect ;  but  it  was  considered  that  there  was  probably 
some  slight  decrease  in  the  velocity,  which  it  was  at  that  time  impossible  to 
measure  accurately.  In  the  next  experiment,  the  red  water  was  poured  into 
the  upper  end  of  the  box  in  a  continuous  stream  of  the  same  magnitude  as  be- 
fore, and  the  translation  wave  again  passed  through  the  box  in  two  and  a 
quarter  seconds;  but  the  red  water  itself  was  six  minutes  in  passing  to  the 
lower  end,  or  |i|^,  one  to  0.006. 

This  experiment  showed  that  while  these  numerous  obstructions  produced 
but  little  effect  in  reducing  the  velocity  of  the  wave  of  translation,  they  did 
reduce  the  velocity  of  the  wave  of  motion  one-third. 

Mr.  McAlpine  gave  his  testimony  before  the  Court  on  the  24th  and  28th 
of  December,  and  ten  days  afterwards  received  the  annexed  letter  from  J.  Scott 
Russell,  which  coincides  so  completely  with  his  evidence  as  to  almost  suggest 
that  he  had  liad  some  previous  correspondence  with  Mr.  Russell. 

This,  however,  was  not  so,  and  the  testimonj-  and  letter  of  Mr.  Russell  are 
the  more  valuable  for  their  coincidence : 

Paris,  December  16,  1869. 
To  Messrs.  McAlpine,  McElroy,  and  Xichols,  Civil  Engineers,  Xew  York  State  : 

Gentlemen — I  am  requested  by  Mr.  Farwell  to  communicate  to  you  the 
results  of  my  examination  of  the  circumstances  and  facts  of  the  floods  on  the 
Black  River  in  last  April. 
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I  learn  the  facts  to  be  as  follows: 

(1).  The  waters  from  the  reservoir  reached  Lyon's  Falls  about  11  o'clock 
p.  M.  of  Wednesday. 

(2).  Lyons  Falls  are  distant  from  Carthage  Dam  about  thirty  miles  on  the 
straig-ht,  and  thirty-five  on  the  windings. 

(3).  The  Black  River  was  already  swelled  and  its  channel  filled  with  the 
waters  of  its  tributaries,  and  the  low  lands  adjacent  were  flooded. 

(4).  In  these  circumstances  the  waters  at  the  Falls  was  thirty  feet  deep, 
and  at  Carthage  fifteen  feet  deep. 

(5).  The  mass  of  water  discharged  from  the  reservoir  was  over  400,000,- 
000  cubic  feet. 

((j).  Tlie  mass  of  water  from  the  reservoir  raised  the  river  above  the 
Lyon's  Falls  some  six  feet. 

From  these  facts  I  draw  the  following  conclusions: 

(7).  That  the  time  at  whicli  the  effects  of  the  flood  from  the  reservoir 
would  be  felt  at  Carthage  Dam  is  about  two  hours  later  than  at  the  Falls. 

(8).  That  the  flood  wave  would  travel  at  about  the  rate  of  sixteen  miles  an 
hour. 

(9).  That  the  flood  shallows  would  somewhat  diminish  the  speed  of  the 
wave,  but  that  the  speed  of  the  stream  would  increase  the  speed  of  the  wave. 

(10).  That  the  curves  in  the  channel  would  not  diminish  the  speed  of  the 
wave.     They  would  diminisli  its  rise  somewhat. 

(1 1).  That  if  the  flood  wave  was  at  Lyon's  Falls  at  11  p.  m.  Wednesday,  it 
would  be  at  Carthage  Dam  about  1  in  the  morning.  And  if  it  made  the  high- 
est mark  at  the  Falls  about  3  in  the  morning  of  Thursday,  it  would  make  the 
highest  mark  at  Carthage  at  somewhat  earlier  than  5,  owing  to  the  increased 
depth. 

(12).  That  the  actual  flood  water  out  of  the  reservoir  might  not  reach 
Carthage  till  some  hours  after  the  wave ;  that  is,  not  until  the  speed  of  the 
running  stream  carried  down  the  water.     Tiie  consequences  of  the  wave  would 
last  much  longer  and  travel  much  slower  than  the  wave  itself. 
I  have  the  honor  to  be,  gentlemen, 

Very  sincerely  and  respectfully  yours, 

J.  Scott  Russell. 

P.  S. — The  phenomenon  of  the  flood  wave  can  be  easily  shown  on  a 
model.  Take  a  trough  of  wood  a  foot  wide  and  a  foot  deep,  thirty  feet  long. 
Fill  it  with  six  inches  of  water  ;  let  the  far  end  of  the  trough  be  cut  down  to 
the  level  of  the  water ;  suddenly  tumble  a  bucket  of  water  in  at  the  near  end. 
In  a  few  seconds  a  bucket  of  water  will  fall  over  the  far  end.  Make  a  trough 
witli  the  curves  in  it ;  you  will  find  no  important  change. 

I  regret  I  cannot  send  you  my  book  with  the  information  you  want.  My 
early  experiments,  which  are  accuiate,  are  in  a  report  of  the  British  Associa- 
tion for  the  Advancement  of  Science  (1844),  and  were  never  published  separ- 
ately. Yon  will  find  these  volumes  in  every  scientific  library.  My  subsequent 
observations  are  not  published. 

A  few  weeks  afterwards,  the  author  met  a  party  of  engineers  at  Boston,  to 
whom  he  presented  this  case,  and  found  that  they  were  perfectly  familiar  with 
the  principles  of  the  wave  of  translation,  and  had  made  numerous  experiments 
on  the  Merrimac  and  Concord  rivers,  which  completely  demonstrated  the  law. 

At  Lowell,  the  hydraulic  canal  abstracts  from  the  Merrimac  River  a  large 
volume  of  its  waters.  This  water,  passing  over  or  through  the  wheels,  is  re- 
turned to  the  river,  below  the  dam,  through  the  tail  races  flowing  into  the 
pool  with  velocity,  but  with  no  percussive  effect. 
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The  dam  is  sixteen  feet  high,  and  the  residue  of  the  water  not  drawn 
through  the  canal  flows  over  this  dam  also  into  the  pool  below. 

At  Lawrence,  thirteen  miles  below,  on  the  same  river,  there  is  a  similar 
hydraulic  canal  and  dam.  The  river  is  crooked,  of  varying  widths  and 
depths,  and  a  rapid  in  one  place,  with  one  footfall  in  a  hundred  yards. 

The  mills  at  both  places  are  generally  run  day  and  night  through  the 
week ;  but  on  Saturday  night,  about  8  o'clock,  they  are  stopped  until  Mon- 
day morning, 

The  gates  of  the  hydraulic  canal  are  closed  at  this  hour,  and  it  is  imme- 
diately telegraphed  to  Lawrence.  The  effect  of  closing  the  gates  is  to  cause  a 
rise  of  the  river  water  of  about  two  feet  upon  the  dam  at  Lowell,  and  in  fifteen 
minutes  from  that  time,  a  similar  rise  of  about  eighteen  inches  takes  place 
upon  the  dam  at  Lawrence.  Floats  have  been  repeatedly  put  in  the  river, 
just  below  the  dam  at  Lowell,  and  they  occupied  twelve  hours  or  more  in 
floating  down  the  river  (thirteen  miles)  to  Lawrence. 

This  case  is  the  more  remarkable  because  the  same  quantity  of  water  flows 
through  the  river  between  Lowell  and  Lawrence  for  the  whole  week,  the  only 
diff"erence  being  that,  on  week  days,  a  considerable  portion  flows  around  the 
dam,  and  enters  the  pool  below  without  percussion;  and  on  Saturday  night, 
this  portion  of  the  water  is  added  to  that  which  passes  over  the  dam,  aid  by 
its  increased  percussion,  due  to  the  fall  of  sixteen  feet,  produces  a  wave  of 
translation,  which  moves  thirteen  miles  in  fifteen  minutes,  and  raises  the 
water  on  the  lower  dam  eighteen  inches. 

At  Manchester,  on  the  same  river,  there  is  a  similar  hydraulic  canal. 
When  the  gates  of  this  canal  are  shut,  the  percussive  efi'ect  of  the  water  flow- 
ing over  the  dam  produces  a  wave  of  translation,  which  passes  down  the  river 
to  Lowell  (thirty  miles)  in  ninetj-  minutes,  and  fifteen  to  twenty  hours  ahead 
of  tlie  flood  wave. 

These  Lowell  experiments  are  so  pertinent  to  this  Black  River  flood  case 
as  to  settle  the  question  whenever  it  shall  again  come  before  the  courts. 

Mr.  Russell  states  that  he  has  been  engaged  in  two  suits  at  law  where  this 
principle  was  involved,  and  that  some  of  the  best  informed  engineers  of  Great 
Britain  were  introduced  as  witnesses,  all  of  whom  agreed  in  regard  to  the 
effects  of  this  wave  of  translation. 

I  have  dwelt  longer  upon  this  part  of  the  subject  because  the  unprofessional 
flippant  writers  in  the  local  newspapers  have  ridiculed  the  theory,  and  per- 
haps given  a  tendency  of  public  opinion  against  its  correctness  and  applica- 
bility to  the  case  in  hand. 

The  application  of  this  law  is  new  in  American  engineering  practice,  but 
there  are  many  cases  where  it  becomes  necessar}'  to  consider  it. 

A  primary  question  in  this  case  was  to  determine  whether  the  failure  of 
the  reservoir  embankment  was  due  to  the  imperfect  construction  and  manage- 
ment, and  consequently  whether  the  Stale  was  liable  to  the  damages  which  its 
breakage  caused.  The  rernainder  of  tliis  paper  will  be  devoted  to  this 
question. 
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The  drainage  area  of  the  reservoir  was  nearly  seventy  square  miles,  with 
rapid  side  slopes  to  the  stream,  of  three  hundred  feet  descent  in  two  or  three 
miles  of  distance. 

The  reservoir  was  about  three  miles  long,  covering  over  four  hundred 
acres,  with  a  depth  of  thirty  feet  at  the  lower  end.  The  top  of  the  embank- 
ment was  four  feet  above  the  ordinary  flow  line,  and  the  jiond  contained  at 
this  level  three  hundred  thousand  cubic  feet  of  water,  and  when  filled  to  the 
level  of  the  top  of  the  bank,  as  it  was  at  the  time  of  the  break,  it  contained 
nearly  four  hundred  thousand  cubic  feet  of  water. 

The  banks  were  made  of  earth,  ten  feet  wide  on  top,  with  inside  slopes  of 
three  to  one,  and  outside  of  two  to  one.  Through  the  middle  of  the  bank 
there  was  built  a  vertical  line  of  sheet  piling  from  the  bottom  to  one  foot  above 
the  flow  line,  and  in  front  of  this  was  a  sort  of  concrete  wall,  one  foot  wide  at 
the  base,  and  half  a  foot  at  the  top.  In  front  and  rear  of  these  were  earthen 
puddled  walls.  The  water  slope  was  covered  with  a  rip-rap  paving.  At  the 
foot  of  the  bank,  on  the  lower  side,  was  a  crib  of  timber  and  stone,  six  and  a 
half  feet  wide  and  nine  feet  high. 

Through  the  dam  was  carried  four  wooden  culverts,  each  of  three  feet  ten 
inches  square,  with  cast-iron  pivot  gates  in  the  middle  of  the  dam,  of  four  feet 
by  two  feet  six  inches,  which  were  operated  from  the  top  of  the  bank  through 
a  perpendicular  well,  built  of  wood.  The  original  spill  was  forty  feet  long, 
and  eight  feet  below  the  level  of  the  top  bank.  But  in  1861  a  plank  dam  was 
put  in  this  spill  way,  which  filled  it  up  four  feet,  or  to  the  level  of  the  flow 
line.  Near  the  middle,  the  top  of  the  embankment  had,  in  the  course  of 
years,  settled  a  few  inches  lower  than  elsewhere. 

The  law  under  which  the  damages  caused  by  the  break  of  this  dam  were 
to  be  adjudicated,  required  the  Courts  to  first  determine  the  responsibility  of 
the  State  in  regard  thereto,  and  hence  came  up  the  two  questions:  1st, 
Whether  the  reservoir  had  been  constructed  properly;  and  2d,  Whether  it  had 
been  managed  carefully  and  judiciously. 

Banks  and  dams,  to  retain  water,  are  usually  made  of  stone,  wood,  or 
earth.  When  the  two  former  are  used,  they  are  arranged  to  discharge  water 
over  them,  and  are  regarded  as  safe,  when  they  are  built  of  durable  materials, 
made  water  tight,  and  prevented  from  undermining,  especially  on  the  lower 
side. 

When  earth  banks  are  used,  no  water  must  be  permitted  to  pass  over 
them,  and  special  passages  must  be  provided  for  the  waste  water,  which  are 
usually  made  of  stone  or  wood,  and  located  so  far  from  the  earth  work  of  the 
dam,  as  to  avoid  any  danger  thereto  in  the  passage  of  the  water. 

They  also  require  a  protection  on  the  water  slope  to  prevent  its  abrasion. 
The  spill  ways  should  always  be  self-acting,  and  of  sufficient  capacity  to  dis- 
charge the  greatest  floods  which  can  possibly  accumulate  in  the  reservoir, 
without  rising  within  two  or  three  feet  of  the  top  of  the  earth  bank;  and  they 
should  be  so  located  as  not  to  be  liable  to  become  obstructed  by  drifting  tim- 
ber, trees,  or  ice.     The  banks  must  be  rendered  perfectly  water  tight  within 
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themselves,  and  particularly  in  their  connections  with  the  natural  grounds  on 
the  bottom  and  sides  of  the  ravine. 

The  first  of  these  objects  is  accomplished  by  a  puddle  wall,  made  of  as 
pure  clay  ns  can  be  procured,  and  mixed  with  fine  gravel,  in  nearly  equal  pro- 
portions, and  moistened  and  compacted  together  with  spades  over  each  layer 
of  six  inches — in  fact,  to  make  an  artificial  hard  pan.  The  second  object  re- 
quires the  utmost  care,  for  it  is  far  easier  to  make  an  artificial  bank  water 
tight  than  it  is  to  prevent  the  escape  of  the  water  between  it  and  the  natural 
soil,  even  when  the  latter  is  itself  water  tight.  Unless  great  care  is  taken,  the 
water  will  percolate  between  the  new  bank  and  the  natural  soil,  at  first,  in 
exceedingly  small  quantities,  but  increasing  in  time,  until  leaks  of  considerable 
magnitude  will  occur,  and  frequently  to  such  an  extent  as  to  carry  away  the 
bank.  Tlie  porous  earth  in  the  bottom  and  on  the  eides  of  the  valley  should 
be  removed  for  at  least  the  width  of  the  front  half  of  the  bank,  and  the  mate- 
rial thus  excavated  may  generally  be  deposited  so  as  to  form  the  rear  portion 
of  the  bank. 

The  nrxt  step  is  even  more  important.  The  puddle  wall  should  be  sunk 
into  the  natural  good  earth,  from  three  to  six  feet  below  the  other  pirt  of  the 
bank,  and  this  not  by  one  trench,  but  bj-  two  or  more,  each  to  be  of  different 
depths,  making  what  is  called  "a  toothing." 

The  puddle  wall  should  be  carried  into  the  hill  sides,  in  the  same  manner, 
but  with  horizontally  as  well  as  vertical  toothing ;  and  here,  it  may  be  re- 
marked, that  the  bottom  of  the  puddle  wall  must  be  level  in  both  directions, 
and  never  inclined.     All  changes  of  level  should  be  made  by  vertical  steps. 

It  is  also  a  good  plan  to  build  the  front  half  of  the  bank  with  its  base  as 
nearly  level  transversely  as  possible;  and  this  does  not  necessarily  involve  a 
large  expense,  as  the  vertical  steps  may  be  made  as  frequent  as  desired,  and 
thus  require  the  removal  of  only  a  small  quantity  of  material.  The  aim  of  the 
engineer  should  be  to  make  the  puddle  wall  and  a  small  section  of  the  bank  in 
the  rear,  and  a  larger  one  in  the  front,  impermeable  to  the  percolation  of 
water.  When  this  is  done,  he  should  bear  in  mind  that  the  remainder  of  the 
bank,  especially  the  rear,  is  put  in  merely  to  give  stability  and  permanence  to 
the  water-tight  portion. 

On  one  occasion,  I  found  an  assistant  requiring  the  contractor  to  cart  all 
of  the  stone  from  the  excavation  into  spoil  bank,  and  to  make  the  rear  as  well 
as  the  front  portion  of  the  embankment  entirely  of  earth,  because  the  contract 
had  been  written  requiring  the  front  portion  to  be  made  in  that  manner,  and 
nothing  had  been  written  about  the  manner  of  building  the  rear  portion. 

These  stone,  compactly  laid,  were  preciselj-  what  were  required  for  the 
rear  part  of  the  bank. 

The  Black  River  dam  was  built  in  the  wilderness,  and  the  engineer  in 
charge  was  unable  to  visit  it  very  often.  There  was,  therefore,  no  assurance 
that  it  had  been  constructed  with  the  same  care  that  characterizes  the  other 
State  works. 

Nevertheless,  there  was  an  inherent  element  of  destruction  in  the  plan  of 
the  dam. 
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It  was  only  half  as  wide  on  top  as  it  should  have  been,  and  the  spill  way, 
as  changed,  was  insufficient,  and  liable  to  be  obstructed;  but,  worse  than  all, 
was  the  introduction  of  sheet  piling  or  planking  through  the  dam. 

In  the  first  place,  these  were  of  sawed  plank,  and  battened  with  boards, 
and  such  planking  will  not  prevent  the  leakage  of  water  under  even  two  feec 
head,  and  were,  therefore,  useless  against  such  leakage,  but  they  were  also 
very  detrimental. 

The  engineer  can  never  be  assured  that  the  contractor  and  his  workmen 
will  perform  all  of  his  work  perfectly.  There  is  always  the  liability  of  some 
small  leaks.  If  any  portion  of  the  front  part  of  the  bank  permits  of  permea- 
tion as  far  as  the  sheet  piling,  the  water  will  readily  pass  through  the  latter, 
and  follow  it  lengthwise  of  the  bank  until  it  finds  an  escape  through  the  latter, 
and  then,  by  gradual  wearing,  enlarge  the  orifice  sufficient  to  i)roduce  a 
breach. 

It  may  here  be  remarked,  that  water  will  follow  along  a  smooth  surface 
an  almost  indefinite  distance.  I  have  seen  more  than  one  break  occur  on  the 
canals  from  a  run  plank  left  in  when  the  bank  was  built. 

I  have  another  old  canal  hint  to  give  to  young  engineers.  When  a  leak  is 
discovered,  as  long  as  the  water  runs  clear,  there  is  no  danger — it  is  only  the 
loss  of  so  much  water.  When  the  water  runs  out  muddy,  then  the  danger 
begins. 

Yet  every  prudent  engineer  watches  even  clear  running  leaks  very  closely. 
It  may  at  any  time  change  to  muddj'  water,  and  produce  a  break  in  a  few  daj's, 
perhaps  hours. 

The  concrete  wall  in  the  Black  River  bank  was  altogether  too  narrow  to 
be  of  any  service.  It  may  have  led  the  superintendent  and  the  contractor  to 
trust  to  it,  and  to  have  taken  less  pains  with  the  puddle  wall. 

The  latter,  if  well  built,  and  of  sufficient  size,  and  well  connected  at  the 
bottom  and  ends,  would  have  been  sufficient  to  render  the  dam  perfectly  tight. 

No  person  was  present  when  the  dam  ruptured,  and  therefore  it  is  impos- 
sible to  determine  how  it  occurred.  From  a  careful  examination  of  all  of 
the  accounts  given  in  the  testimony,  of  the  shape  and  size  of  the  breach,  and 
of  the  flood  wave  which  it  produced  down  the  stream,  it  would  appear  that 
the  spill  way  had  been  partially  choked  up  with  logs;  that  the  melting  of  the 
snow  and  a  gentle  warm  rain  had  thrown  a  considerable  quantity  of  water  into 
the  pond,  which  could  not  escape  through  the  spill  way,  and  partly  open 
waste  gates,  and  thus  the  water  gradually  rose  to  near  the  level  of  the  top  of 
the  reservoir  bank,  and  finding  a  j)assage  over  a  depression  of  a  few  inches 
(say  six),  and  ten  or  a  dozen  feet  wide,  it  slowly  wore  off  the  soft,  unfrozen 
earth,  producing  a  channel  of  gradually  increasing  depth  and  width,  and  run- 
ning down  the  rear  slope  of  softened  earth  of  the  embankment,  soon  removed 
the  rear  support  of  the  sheet  piling.  The  vast  body  of  water  in  the  reservoir 
maintaining  the  volume  of  the  breaching  stream  until  at  last  so  much  of  the 
rear  support  of  the  sheet  piling  was  removed,  that  it  toppled  over,  and  allowed 
the  reservoir  water  to  rush   out  in  frightful  volume,  and  plunging  down,  to 
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rapidly  tear  out  the  earth  and  outwork  to  and  below  the  original  base  of  the 
dam. 

I  have  made  a  calculation  upon  the  above  basis,  and  certain  rates  of  the 
enlargement  of  the  breach,  and  found  that  the  main  body  of  the  waters  col- 
lected in  the  reservoir  would  have  passed  out  in  about  ten  hours,  though  it 
probably  rushed  out  in  two  great  volumes  when  each  section  of  the  sheet 
piling  gave  way. 

The  testimony  in  regard  to  the  flood  wave  passing  down  the  river,  cor- 
roborates this  theory  of  the  rupture,  or  rather  this  theory  has  been  prepared 
to  meet  the  testimony. 

As  stated  in  a  previous  paper  published  by  this  Societ}-,  I  have  availed 
myself  of  this  interesting  case  to  lay  before  our  junior  members  some  further 
hints  and  suggestions  in  regard  to  the  practical  questions  which  they  will  be 
likely  to  meet  in  their  future  experience. 
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Third  Annual  Convention. 


The  Third  Annual  Convention  of  the  American  Society 
OF  Civil  Engineers  was  held  on  the  21st  of  June,  1871,  in 
the  rooms  of  the  Chamber  of  Commerce,  corner  of  Cedar  and 
Chambers  St. 

The  President,  Alfred  W.  Craven,  Esq.,  being  absent 
on  the  Pacific  coast,  the  Vice-President,  Colonel  Julius  W. 
Adams  presided.     A.  P.  Boller,  Secretary. 

Col.  Adams  opened  the  meeting  with  an  address  of 
welcome. 

William  Arthur,  Esq.,  as  representative  of  the  Com- 
mittee of  Arrangements,  made  a  report  which  was  duly 
accepted. 
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The  Secretary  then  read  the  following  paper  from  T.  W. 
Pkatt,  on  Trusses  and  Trussed  Arches. 

SOME  OBSERVATIONS  ON  TRUSSES  AND 
TRUSSED  ARCHES. 

A  paper  presented  by  T.  Willis  Pratt,  C.  E.,  Fellow  of 

the  Society. 

A  Truss  may  be  defined  to  be,  a  mechanical  mode  of  strengthening  a 
beam  or  arch,  which  sustains  a  load  over  any  open  space;  it  being  under- 
stood, that  the  points  of  support  of  the  ends  of  the  beam  or  arch,  simply 
sustain  the  weight  of  the  structure.  Trussing  is  accomplished  by  means 
of  braces  placed  in  an  oblique  direction,  and  thus  transferring  points  of 
support  iiom  the  middle  of  a  beam  or  arch  to  the  abutments.  Braces  are 
of  two  kinds,  viz:  those  which  resist  by  compression,  and  those  which  re- 
sist by  tension,  and  this  circumstance  determines  that  there  are  three  prin- 
ciples in  trussing.  Firsi.  Where  the  oblique  braces  are  in  compression, 
and  the  vertical  supports  in  tension.  Sicond.  '^Vhere  the  oblique  braces 
are  in  tension,  and  the  vertical  supports  in  compression.  Third.  The 
triangular  truss,  in  which  there  are  no  verticals,  but  both  kinds  of  braces 
are  oblique  in  position,  forming  a  series  of  triangles.  All  these  three 
modes  of  trussing  without  arches,  were  used  by  the  writer  of  this  paper  on 
the  Providence  and  Worcester  Railroad  in  the  year  1846. 

What  we  require  is  the  most  economical  method  of  using  material  to 
resist  force.  Material  is  dormant.  Force  is  active.  All  forces  act  or  pro- 
duce effect  in  straight  lines.  Solid  material  resists  force  best  when  presen- 
ted against  such  force  in  a  straight  line,  as  in  a  post  sustaining  a  weight. 
It  is  known  to  be  true,  that  a  straight  vertical  post  will  sustain  more 
weight,  placed  so  as  to  press  directly  down  the  center  of  the  material  of 
the  post,  than  a  post  of  equal  size  and  quality  would  sustain,  if  crooked  or 
placed  in  an  angular  direction.  Again,  a  post,  the  length  of  which  is 
greater  than  a  certain  ratio  to  its  diameter,  will  sustain  less  weight,  than  if 
shorter  than  said  ratio.  This  is  not  the  case  with  material  sustaining 
weight  by  tensile  resistance,  for  within  practical  limits,  the  strength  of 
said  material  is  the  same,  whether  long  or  short.     Therefore  in  disposing 
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of  niiiterial  in  a  truss,  all  those  parts  wliich  resist  force  b}-  compression, 
should  be  placed  on  the  shortest  lines,  and  those  which  resist  by  tension, 
should  be  placed  on  the  longest  lines.  These  observations  condemn  the 
theory,  belief,  or  common  notion,  that  arches  or  arched  trusses  are 
stronger  than  rectangular-paneled  or  triangular  trusses.  Arches  must  be 
weakest,  from  the  fact^that  the  arc  or  compressed  member  is  longer  than 
the  chord  or  tie,  which  is  the  tensile  member  ;  also  from  the  fact  that  the 
arch  in  compression  is  curved,  and  the  tic  is  straight.  It  is  a  common  and 
vague  idea,  that  there  is  immense  strength  in  an  arch,  hut  we  know  that 
the  resistance  is  in  the  material,  and  not  in  the  form  of  the  arch. 

Material,  wherever  and  however  placed,  will  fail,  if  loaded  beyond  its 
elastic  limit,  per  unit  of  surface.  We  believe  it  to  be  more  difficult  to  get 
an  equable  pressure  upon  the  area  of  cross-section  of  an  arch,  than  upon 
the  area  of  cross-section  of  the  straight  chords  of  a  truss-bridge.  Unequal 
pressure  involves  excess  of  pressure,  and  consequent  failure.  The  attach- 
ment of  bnu;es  to  an  arch  at  intervals,  throws  the  .strain  upon  particular 
points  of  the  arc,  from  which  the  strain  is  conducted  in  a  straight  line  to 
the  foot  of  the  arc,  which  straight  line  does  not  pass  centrally  through  solid 
material.  View  the  whole  subject  as  we  may,  in  all  its  details,  and  we  are 
brought  more  decidedly  to  the  conclusion,  that  the  simple  truss  without  an 
arch,  is  the  most  economical  structure.  The  same  observations  apply,  in 
reference  to  the  caml)er  of  a  truss  ;  no  more  camber  should  be  allowed 
than  the  amount  of  deflection  of  the  tru.ss,  under  the  action  of  its  maximum 
load.  Some  engineers  have  sought  to  economise  material  in  a  trussed 
arch,  by  reducing  the  quantity  at  the  crown,  according  to  a  theoretical  cal- 
culation, which  shows  that  the  pressure  caused  by  a  passive  uniform 
weight,  is  less  at  the  crown  than  at  the  foot  of  the  arc.  This  practice  can 
be  suitable,  only  to  solid  arches  in  masonry,  where  the  pressure  is  not  con- 
centrated at  special  points,  but  more  uniformly  distributed,  and  where  we 
have  the  whole  width  of  the  roadway  and  arch  in  solid  matter,  to  give 
lateral  stiffness.  But  where  an  arch  is  built  up  on  each  side  of  a  road, 
(thrown  over  as  it  were  through  the  air,)  and  not  absolutely  supported  la- 
terally, it  seems  clear  that  the  arch  should  be  largest  at  the  crown.  It  is 
the  bow  and  string  form,  and  stiffness  is  obtained  by  enlarging  the  bow  in 
the  middle.  Indeed  the  bow  may  be  considered  as  a  post,  with  counter- 
acting pressures  at  each  end,  and  when  the  length  exceeds  a  certain  ratio 
of  the  thickness,  the  post  will  require  enlargement  at  the  middle,  unless 
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absohitc  support  can  be  obtaincnl  laterally,  Avhicli  is  not  often  the  case. 
No  doubt  many  cases  can  be  cited  of  arches  in  wood,  combined  with 
trusses,  wliich  have  stood  a  very  long  time,  and  we  believe  that  investiga- 
tion would  develo]!  the  fact  of  an  excess  of  material,  so  that  the  pi'essure 
from  loads,  per  unit  of  surface,  is  much  below  the  destructive  limit.  In 
the  present  age,  there  exists  great  temptation  for  ^cheap  talent  to  scheme 
for  important  positions,  and  the  limit  of  safety  is  often  passed.  Many  new 
plans  are  devised,  and  struts,  tie-rods,  arches,  chords,  counter-braces,  &c., 
are  often  arranged  in  web-like  frames,  in  the  most  intricate  confusion. 
Merit  is  often  claimed  for  an  absurd  departure  from  absolute  principle. 

Can  the  American  Society  of  Civil  Engineers  use  their  authority,  to 
determine  the  standard  pressure,  \)vv  unit  of  surface,  for  the  various  kinds 
of  building  material,  and  also  the  standard  load  per  square  foot,  or  per 
linear  foot,  for  bridges  ?  A  question  for  discussion.  At  present  I  think 
they  cannot. 

A  pamphlet  by  Mr.  S.  T.  Abert,  was  then  read  ;  sub- 
ject, Ship  Basin  and  Grraviiii^  Dock  at  Pensacola. 

Mr.  J.  Button  Steele  then  read  a  very  interesting  article 
on  Nesquehoning  Tunnel,  in  connection  with  which  he  exhi- 
bited a  number  of  rock  specimens. 
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At  the   Third   Annual    Convention   of  the    Society, 
June  21st,  1871. 


NESQUEHOXING    TUNNEL. 

A  paper   read  by   J.    Dutton   Steele,   C.  E.,  Member   of  the 

Society. 

Nesquehoning  Tunnel,  in  Carbon  County,  Pennsylvania,  is  a  work  of 
the  Lehigh  Coal  and  Navigation  Company.  It  pierces  Locust  Mountain, 
and  will  connect  their  railroad  in  Nesquehoning  Valley  with  their  exten- 
sive coal  operations  in  the  valley  of  Panther  Creek.  At  present  this  coal 
finds  its  way  to  market  by  that  interesting  system  of  inclined  planes  and 
gravity  roads  known  as  the  "Switch-backs  of  Mauch  Chunk,"  which 
has  commanded  the  admiration  of  travelers  for  more  than  forty  years,  not 
only  on  account  of  the  beautiful  scenerj'  which  its  route  displays,  but  also 
from  its  early  and  admirable  adaptation  to  the  purpose  for  which  it  was 
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designed.  It  lias,  however,  become  worked  up  to  its  capacity,  and  in  ar- 
ranging to  extend  their  coal  mining  operations,  the  company  have  wisely 
determined  to  avail  themselves  of  the  locomotive,  which  has  had  its  prac- 
tical development  since  they  were  the  pioneers  in  railway  enterprise. 

It  passes  through  the  base  of  the  mountain  at  an  elevation  of  some 
fifteen  feet  above  the  water  on  either  side,  and  five  hundred  and  fifty-four 
feet  below  the  crest,  and  cuts  the  strata  at  right  angles,  where  they  have  a 
south  dip  of  about  forty-five  degrees.  Its  length  is  thirty-eight  hundred 
feet,  of  which  thirteen  hundred  feet  are  through  the  coal-measures,  with 
all  their  various  strata  of  coal,  coal-shale,  sandstone,  and  conglomerate, 
twelve  hundred  feet  through  the  conglomerate  formation,  with  its  occa- 
sional strata  of  coal-slates  and  sandstone,  one  thousand  feet  through  the 
red  shale,  with  occasional  strata  of  sandstone,  and  three  hundred  feet  at 
the  north  end  through  the  debris,  and  soft  and  decomposed  red  shale, 
which  is  found  overlaying  the  red  shale  formation.  It  has  encountered  in 
its  progress  as  hard  and  as  soft  material  as  is  often  met  with  in  tunnelling. 

After  mature  investigation  it  was  determined  to  use  the  Burleigh  Drills^ 
driven  by  compressed  air.  With  the  advantage  of  the  experience  at  Mont 
Cenis  and  Hoosac  before  us,  we  should,  and  it  is  believed  we  have  ob- 
tained better  results,  as  to  cost  and  progress,  than  attended  either  of  those 
works  in  their  early  stages,  and  I  may  here  state  that  I  believe  no  other 
known  process  is  capable  of  penetrating  this  conglomerate  formation,  with 
that  economy  and  rapidity  which  is  necessary  to  meet  the  present  demands 
of  capital.  This  whole  work  has  been  done  with  six  of  the  '"two-drill" 
compressors,  made  at  Fitchburg,  Mass.,  and  with  sixteen  drill  engines,  and 
we  have  averaged  as  much  as  one-half  of  the  drill  engines  constantly  in 
opei'ation,  and  sometimes  two-thirds. 

The  explosive  used  was  gunpowder,  ignited  by  the  electric  spark,  but 
the  requirements  of  ventilation,  and  the  hardness  of  the  rock,  demanded 
powder  of  the  highest  government  standard.  Some  doubt  which  existed 
as  to  the  economy  in  the  use  of  the  more  powerful  explosives,  when  the- 
cost  of  drilling  was  reduced  by  machinery,  and  their  greater  danger,  with 
the  existing  knowledge  of  workmen  of  their  use,  caused  them  to  be  rejected,, 
and  the  result  in  the  freedom  from  serious  accident  has  been  satisfactory,, 
as  we  have  not,  thus  far,  lost  a  life  from  premature  explosions. 

American  steel  has  lieen  used  ;  several  of  our  own  makers  produce  a 
better   and   cheaper  article  for  the  purpose  tlian  can  be  obtained  from 
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abroad,  and  the  best  we  have  had  is  from  the  William  Butcher  Steel  Works 
at  Philadelphia. 

The  headings  are  driven  at  the  bottom,  eight  feet  high  by  sixteen  feet 
wide,  and  where  arching  is  required,  the  full  width  for  a  double  track  is 
taken  out,  that  the  tunnel  may  hereafter  be  enlarged,  without  disturbing 
the  arches.  At  this  date,  both  headings  are  in  the  red  shale,  and  about  five 
hundred  feet  apart  ;  they  will  be  joined  in  August,  and,  until  the  tunnel  is 
finished,  full  details  of  the  work  cannot  be  given  ;  but  the  accompanying 
statement  of  Thos.  C.  Steele,  chief  assistant-engineer  of  the  operations  at 
the  south  end,  up  to  June  1st,  may  be  of  some  interest. 

The  heading  to  which  this  tabular  statement  refers,  has  been  twelve 
months  in  the  conglomerate,  and  two  months  in  the  red  shale;  the  progress 
in  the  conglomerate  has  been  about  one  hundred  feet  per  full  month's  work, 
and  in  the  red  shale  one  hundred  and  sixty  feet.  The  holes  drilled  per  cubic 
yard  of  rock  removed,  have  been  in  the  conglomerate  about  eleven  feet,  and 
in  the  red  shale  about  six-and-a-half  feet.  The  powder  used  per  cubic  yard 
has  been  in  the  conglomerate  about  six  pounds,  and  in  the  red  shale  about 
three-and-a-half  pounds,  though  a  bad  lot  of  powder  ran  the  consumption 
in  the  conglomerate  up  to  seven-and-a-half  pounds  for  two  months. 

The  operation  in  the  enlargement  to  which  the  statement  refers,  has 
been  eight  months  in  the  coal  measures,  and  two  months  in  the  conglome- 
rate ;  its  average  monthly  progress  has  been  one  hundred  and  sixty-six  feet; 
its  average  holes  drilled,  per  cubic  j-ard  of  rock  removed,  three-and-three- 
tenths  (8  i^o)  ff'ct ;  and  its  average  powder  used,  tw^o-and-seven-tenths 
(3  T^r)  pounds  per  cubic  yard. 

In  this  enlargement  a  portion  of  hand-drilling  is  included,  which  ex- 
tended over  the  operations  of  one  month,  and  it  increased  both  the  holes 
drilled,  and  the  powder  consumed,  showing  that  men  do  not  use  better 
judgment  in  directing  hand  than  machine  drilling.  The  Mammoth  Coal 
Vein  in  this  region  is  fifty  feet  in  thickness,  and  where  it  was  cut  by  the 
tunnel,  it  was  crushed,  or  to  use  a  miner  s  expression,  it  was  "  in  fault," 
and  great  care  was  necessary  to  prevent  a  "run,''  or  to  be  more  explicit, 
to  prevent  this  crushed  coal  from  running  into  the  tunnel,  its  inclination 
being  forty-five  degrees.  If  a  run  had  started,  it  would  probably  have  ex- 
tended to  the  outcrop,  a  height  of  four  hundred  feet.  The  plan  marked 
No.  1  will  show  the  mode  of  propping.  The  galleries  A  and  B,  were  first 
driven,  and  the  masonry  abutments  built  in  them,  after  which  the  cutting 


352 

over  at  C  C  C  was  done,  leaving  a  core  in  tlie  centre  to  prop  upon,  which 
being  effected,  the  brick  arch  was  turned,  and  the  centre  removed.  The 
same  plan  was  substantially  followed  in  other  coal  veins. 

The  Nortli  Approach  was  excavated  through  the  debris,  which  was 
about  the  same  weight  as  water,  and  as  there  was  a  considerable  flow  of 
water  into  the  cutting,  and  over  the  toj)  of  the  soft  red  shale,  its  agitation 
in  the  process  of  excavation  converted  it  into  quicksand,  and  caused  some 
trouble  in  its  removal  (with  the  slide  and  sinks  usual  in  such  cases,)  as  well 
as  in  starting  the  tunnel.  The  depth  of  excavation  at  the  north  portal  is 
sixty-five  feet,  and  the  lower  half  of  the  tunnel  at  that  point  is  in  soft  red 
shale  in  place,  and  the  upper  half  in  the  debris,  with  the  flow  of  water  re- 
ferred to  upon  the  top  of  the  red  shale.  To  those  accustomed  to  such 
work,  I  need  not  relate  the  ditliculties  of  the  position.  In  order  to  effect 
an  entrance  there  was  first  turned  a  strong  facade  of  masonry,  with  an  arch 
of  fifteen  feet  in  depth,  abutting  against  the  face  of  the  excavation  ;  the 
heading  was  then  started  upon  the  top  of  soft  red  shale,  thirty-two  feet  in 
width  and  twelve  feet  in  height,  an  unusual  size  for  a  soft  ground  heading. 
The  plan  No.  3  will  indicate  the  mode  of  propping  ;  plank  shields  were 
placed  in  the  face  of  the  heading,  to  prevent  its  running,  and  the  frames 
D,  E,  F,  with  plank  lagging  and  fore  poling,  were  put  in  at  distances  of 
three  to  four  feet  from  centre  to  centre,  resting  at  their  base,  D,  E,  upon 
the  more  solid  red  shale.  This  operation  was  continued  a  distance  of  three 
hundred  and  forty  feet,  and  until  solid  rock  was  met,  with  the  full  depth 
of  the  tunnel.  The  next  operation  was  to  slip  the  sills  S,  S,  by  a  careful 
process,  under  the  base  of  the  frames,  to  cut  away  for  the  props,  S,  T,  and 
to  put  in  the  stone  abutments  and  brick  arches,  packing  them  carefully  on 
the  top  with  the  rock  from  the  tunnel  excavation.  When  the  frost  was 
leaving  the  ground  last  spring,  the  superincumbent  mass  came  down  with 
crushing  eflect  upon  the  framing,  but  they  resisted  its  influence,  and  have 
since  been  strengthened  by  the  arches. 
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STATEMENT    OF    THE    WORKINGS    OF    THE    SOUTH 
END   OF  NESQUEHONING  TUNNEL. 


HEJADITS  &. 


MONTH. 

Feet               Lbs. 
of  Holes     of  Powder 
Drilled.           used. 

F..ot              Cubic          Feet  of       Lbs.  Pow- 
»..^™„o„          Yards      i  Holes  per        der  per 
Piogress.      progrepi,.    Cubic  Yard.  Cubic  Yard. 

1870. 

April 

May 

June. 

July 

Autjust   .... 
September. . 
October.  .  .. 
November. . 
December. . . 

1871. 
January.  . . . 
February . . . 
Marcb..".  ... 

April 

May 

2740 
6698 
6779 
5802 
5179 
4920 
6052 
5054 
4638 

5488 
6161 
6043 
6114 
5793 

1125 
2725 
4200 
4275 
2750 
2025 
2525 
2700 
2400 

2JJ00 
2^25 
3400 
3000 
3600 

73. 

138. 
104. 

97.5 

82. 

72.5 

91. 
103.5 

78. 

101. 
93.5 
104. 
157. 
164. 

413.               6.6 
781.              8.6 
589.             11.5 
553.5     1      10.5 

404.7  11.1 

410.8  11.9 
520.       1      11.6 
586.5     ;       8.6 
442.            10.5 

496.             11. 0 
530.             11.6 
589.5     ,      10.2 
890.        i        6.8 
928.              6.3 

2.7 

3.5 

7.1* 

7.7* 

6.0 

6.4 

4.9 

4.6 

5.4 

5.8 
5.3 
5.8 
3.4 
3.9 

Total.... 

77471 

41050 

1459. 

8194.              9.4 

5.0 

*  Bad  Powder. 


Average,  104. 


EK  LAR&KIVIEN'J?. 


MONTH. 


Feet 
of  Holes 
Drilled. 


Lbs. 

Powder 

U!-ed. 


1870. 
August. . . 
September 
October . . 
November 
December 

1871. 
January. . 
February. 
3Iarch.  .*.  . 

April 

May 


2223 
2584 
3491 
4408 
4410 

3667 
3432 
5316 
26b3 
4438 


1450 
2125 
2650 
2700 
5775 

3075. 

3900 

3900 

1900 

2600 


Feet 
Progress. 


Cabic  Feet  of       Lbs.  Pow- 

Yards      I   Holes  per        der  per 

ProOTess.    Cubic  Yard.  Cubic  Yard. 


125. 

123.5 

153.5 

120. 

156. 

164.5 

265. 

215.5 

195.5 

145.5 


Total....!    36602 


30075 


1664. 


1000.9 
905.7 
1237. 
1276.5 
1002. 

1158. 

1701. 

1359.5 

666. 

873. 


11179.6 


*  Partlv  Hand  Drillina 


Average,  IdG. 


2.2 
2.9 
2.8 
3.4 
4.4 

3.2 
2.0 
3.9 
4.0 
5.0 


3.3 


1.4 
2.3 
2.1 
2.1 

5.7* 

2.7 
2.3 
2.9 
2.9 
2.9 


2.7 


Mr.  F.  C.  CoLLiNGWooD   succeeded    Mr.   Steele,    with 
some  observations  on  the  East  Kiver  Bridge  foundation. 
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A   FEW  FACTS  ABOUT  THE  CAISSONS  OF    THE 
EAST   RIVER   BRIDGE. 

A  paper  read  by  F.  Collingwood,   C.  E.  Member  of  the 

Society. 

This  title  has  been  chosen,  for  the  reason  that  it  is  not  intended  to  enter 
into  a  complete  description  of  the  work  of  building  or  sinking  these  struc- 
tures, but  to  give  only  such  facts  as  have  not  been  already  published,  and 
which  may  be  of  interest  to  the  profession.  The  first  subject  I  wish  to 
touch  upon  is  that  of 

INTERFERENCE   OF   BOLTS. 

In  some  of  the  roof  courses  of  these  caissons,  the  number  of  bolts  started 
in  tlie  course  and  passing  througli,  one  or  more  courses  below,  was  about 
5,000.  Aside  from  this,  there  were  other  bolts  coming  into  the  course  from 
the  courses  above,  to  the  number  of  fully  10,000.  It  will  be  seen,  there- 
fore, that  great  care  had  to  be  taken  in  arranging  them  to  prevent  interfer- 
ences, and  the  endless  trouble  that  would  thus  be  caused. 
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The  timbers  of  the  caissons,  it  will  be  remembered,  were  laid  in  courses 
alternately  crosswise  and  lengthwise,  and  the  most  natural  arrangement  of 
the  liolts  WHS  to  place  them  in  lines  at  right  angles  to  the  "streaks"  of 
timber.  This  was  the  arrangement  first  adopted,  but  in  laying  out  the 
work,  the  timber  was  found  to  vary  so  much  in  width,  that  if  the  bolts 
were  placed  anj^where  near  the  centres  of  the  streaks,  it  was  impossible  to 
preserve  the  lines  in  either  direction,  and  interferences  must  ensue.  After 
much  study,  it  was  discovered  that  by  driving  the  bolts  in  diagonal  lines 
no  such  difficulty  was  encountered. 

Such  lines  cross  all  the  timbers,  whether  longitudinal  or  transverse,  and 
there  is  no  necessity  for  the  lines  in  one  course  crossing  those  in  any  other. 
If,  therefore,  the  lines  be  placed  so  as  not  to  interfere,  the  holts  in  those 
lines  can  be  moved  forward  or  back,  so  as  always  to  strike  the  centre  of  a 
stick.     The 

FREQUENCY   OF   THE   BOLTS,    ETC., 

was  determined  quite  as  much  on  practical  as  on  theoretical  grounds  ;  it 
being  found  that  to  keep  the  timbers  in  place  after  dogging,  wedging,  &c., 
it  was  necessary  that  every  stick  should  have  at  least  one  drift  bolt  every 
four  feet. 

The  drift  bolts  were  simple  bars  of  iron,  about  31  inches  long,  J^  inch 
diameter,  and  slightly  roun<led  at  the  lower  end  by  hammering  cold.  This 
n  landing  may  seem  a  small  matter,  but  the  holding  power  of  the  bolt 
depends  very  largely  upon  it.  It  is,  furthermore,  a  point  in  which  the  men 
domg  the  work  will  bear  w^atching,  as  a  bolt  with  sharp  edges  drives  much 
easier  than  one  with  a  rounded  point. 

The  holes  were  bored  -,^6  inch  small  for  the  first  half,  and  i^  inch  small 
for  the  lower  half,  and  it  was  found  that  a  bolt  driven  in  this  manner,  will 
liold  almost  to  the  point  of  rupture,  before  it  can  be  drawn.  This  method 
had  the  advantage  also  of  leaving  the  wood  around  the  bolts  solid  and 
impervious  to  air,  whereas  "rag-bolts"  would  have  torn  the  wood  and 
increased  the  leakage. 

The  final  arrangement  was  such,  that  when  all  were  in  place  and  the 
caisson  complete,  there  was  at  least  one  bolt  through  every  intersection  of 
timbers.  To  insure  the  tightness  of  the  screw-bolts,  rubber  washers,  with 
g]ight:y  cui>i)ed  iron  washers  to  hold  tliem  in  their  places,  were  used  under 
(1-0  l:c?ds  and  nuts.     Our  experience  has  demonstrated,   however,  that  a 
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more  reliable  joint  can  be  obtained  by  using  hemp  grummets  and  red  and 
white  lead,  in  place  of  rubber.  In  the  New  York  caisson,  which  was  lined 
with  iron,  the  holes  were  slightly  countersunk,  after  the  iron  was  in  place ; 
this,  with  the  cupped  washers  and  grummets,  insured  tight  work  wherever 
any  care  was  taken  by  the  workmen.  The  ru])ber  washers  were  oftentimes 
torn  by  the  screw  threads,  and  were  not  so  reliable. 

LAUNCHING. 

After  settling  the  system  of  bolting,  much  anxious  thought  was  given  to 
the  best  means  of  securing  a  safe  launch.  The  weight  was  too  great  to 
place  upon  two  ways  only,  and  yet  this  was  all  that  could  be  used,  without 
the  introduction  of  strong  supports  or  "launching  frames"  in  the  air- 
chamber.  As  these,  for  the  work  in  sinking,  were  most  convenienth" 
arranged  across  the  caisson,  this  at  once  settled  the  matter,  as  to  whether 
the  launch  should  be  with  the  side  or  end  to  the  water.  Five  such  frames 
were  put  in,  and  the  peculiar  arrangement  of  bracing  (which  many  noticed 
at  the  time),  was  especially  designed  to  take  the  alternate  strains  of  com- 
pression and  extension,  to  which  they  would  be  subjected  as  the  caisson 
slid  from  tiie  ways.  By  means  of  the  five  frames  and  two  end  edges,  seven 
ways  were  supported  under  each  caisson,  and  the  average  pressure  per 
square  foot  of  surface  on  the  sliding  ways  was  reduced  to  2)4  tons. 

The  ground  ways  were  made  of  two  11  inch  timbers,  with  the  upper  face 
of  each  chamfered,  so  that  when  bolted  together,  they  formed  an  obtuse 
angle  at  the  centre,  with  the  apex  one  incli  lower  than  the  outer  edges. 
The  sliding  waj^s  were  made,  of  course,  to  fit.  Through  the  upper  ends 
of  the  ground  ways  were  passed  heavy  iron  arbors  with  squared  ends,  and 
a  central  cam.  A  long  lever  with  a  squared  socket  was  so  placed  upon  each 
of  these  squares,  as  when  tied  down  to  cause  the  cams  to  project  above  the 
surface  of  the  way.  In  the  under  side  of  the  sliding  way,  pieces  of  iron  were 
set,  with  recesses  left  in  front,  into  which  the  cams  projected.  At  the  time 
of  launching  these  cams  held  the  caisson  until  the  blocks  were  all  removed, 
then  at  a  given  signal  the  ropes  holding  them  were  cut,  and  an  absolutely 
uniform  start  assured. 

Strong  struts  were  placed  upon  the  sliding  ways  at  their  upper  end, 
butting  under  timbers  left  projecting  from  the  course  next  the  top  of  the 
caisson.  These  served  to  give  the  caisson  a  cant  forward,  as  it  arrived  at 
the  end  of  the  ground  ways,  and  insured  its  leaving  tliem.     The  inclina- 
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tiou  of  the  ways  aceraged  about  Jg  inch  per  foot,  increasing  at  the  outer 
end  in  sucli  a  way  as  to  give  a  curve  with  radius  of  about  8,000  ft.  I  come 
next  to 

EXPERIENCES   DURING   THE   SINKING   OP   THE   BROOKLYN   CAISSON. 

Tlie  day  on  which  tlie  caisson  was  first  entered  was  very  warm.  As  the 
doors  of  the  air-locks  all  opened  downward,  no  special  difficulty  was 
experienced  on  entering.  On  returning,  however,  the  united  strength  of 
the  party  was  barely  sufficient  to  pull  up  the  lower  door  tight  enough  to 
compress  the  rubber,  and  prevent  the  air  escaping  ;  and  they  had  the  plea- 
sure of  working  at  it  some  time,  in  a  temperature  of  over  100  degrees, 
before  they  could  close  it,  and  open  the  upper  door.  After  this  experience, 
a  small  windlass  and  rope  were  arranged,  so  that  one  man  could  manage 
either  door.  This  was  nothing  more  than  a  1)4  inch  iron  rod,  squared  for 
a  crank  at  one  end,  and  revolving  in  lugs  fastened  to  the  iron  ladder. 

Before  the  caisson  was  firmly  grounded,  it  became  necessary  to  remove 
a  large  boulder,  which  laid  outside  the  caisson.  After  failing  by  other 
methods,  bags  of  earth  were  thrown  down  outside,  until  the  stone  was  com- 
pletely covered,  and  on  these  loose  earth  was  thrown.  A  dam  of  earth  was 
next  cast  up  inside,  the  water  kept  down  by  bailing,  and  the  stone  removed 
by  undermining  and  tumbling  it  into  the  air-chamber.  In  this  and  many 
other  similar  cases,  the  air  pressure  kept  back  the  water,  so  that  it  was 
readily  controlled  by  bailing.  The  material  we  were  excavating  was 
almost  impervious  to  water,  and  when  about  10  feet  below  the  bottom,  it 
came  in  so  slowly,  that  water  pipes  had  to  be  introduced  to  supply  the 
water  shafts.  It  was  not  an  uncommon  occurrence  in  removing  a  large 
boulder,  that  an  opening  would  be  made  entirely  outside  the  caisson,  for 
three  or  four  feet.  The  only  difficulty  in  such  cases  was  the  rapid  escape 
of  air,  and  increased  cost  of  air  supplj'. 

As  soon  as  the  caisson  was  fairly  grounded,  and  the  regular  work  of 
excavating  began,  the  best  method  of  low^ering  became  the  important  ques- 
tion. Levels  were  taken  every  morning  on  the  masonry  above,  and  a  copy 
furnished  the  general  foreman.  It  was  made  a  rule  that  the  general  fore- 
man as  also  the  foremen  of  each  chamber,  should  report  to  the  ones  that 
followed  them,  the  condition  of  the  work  in  their  charge,  the  position  of 
all  boulders  discovered,  &c.  If  the  caisson  were  level,  the  usual  method 
followed  in  lowering  was,  to  begin  at  the  central  frame,  and  loosen  the 
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wedges  regularly  from  the  centre  towards  the  ends.  The  two  frames  next 
to  these  were  then  treated  in  like  manner,  and  finallj^  the  outer  two. 
When  no  obstructions  occurred,  the  blocks  would  all  be  gone  over  several 
times  in  the  course  of  a  day,  and  the  caisson  would  settle  easily,  at  the  rate 
of  three  or  four  inches  in  twenty-four  hours. 

No  blocking  or  trenches  were  allowed  under  the  shoe,  as  the  loss  of  air 
would  have  been  too  great  in  consequence.  Two  of  the  best  men  in  each 
chamber  were,  however,  detailed  to  examine  under  it  whenever  required, 
by  removing  a  few  inches  of  earth,  and  throwing  it  looselj''  back.  It  was 
found  necessarj'  to  insist  upon  this  being  done  at  least  once  a  day,  and  our 
trouble  was  to  get  even  picked  mea  to  dig  far  enough  out.  The  result  was 
that  frequently  a  boulder  would  be  caught  just  against  the  outside  of  the 
shoe,  or  a  bolt  head,  and  would  crush  in  timber  and  iron  as  the  caisson 
descended. 

In  addition  to  these  examinations,  very  careful  ones  were  made  every 
day  by  the  engineer  in  charge,  with  a  sounding  rod,  and  the  position  of  all 
boulders  noted.  When  a  boulder  was  found  under  the  shoe,  it  was  at  once 
uncovered,  and  the  drillers  set  at  work.  The  holes  drilled  were  1  to  l^^^ 
inch  in  diameter,  and  the  charges  of  powder,  1  to  4  ounces  ;  the  latter  was 
but  rarel}^  used.  Contrary  to  our  expectation,  the  effect  upon  the  ears  was 
not  at  all  troublesome.  This  is,  no  doubt,  due  to  the  fact  that  the  volumes 
of  the  gases  set  free  by  explosion,  were  in  the  inverse  ratio  of  the  pressures, 
and  the  disturbance  of  the  air  was  not  so  great  as  it  would  have  been  in  the 
atmosphere  outside.  It  not  uuf  requently  happened  that  five  or  six  boulders 
would  be  found  under  the  shoe  at  once.  In  such  cases  all  lowering  would 
be  stopped,  and  the  men  put  at  work  clearing  out  the  centres  of  the  cham- 
bers, deepening  the  trenches,  &c.  Although  there  was  no  trench  under  the 
shoe  it  was  found  to  facilitate  the  work  to  trench  moderately  a  foot  or  two 
inside. 

There  was  no  difficulty  in  keeping  the  caisson  under  control,  so  long  as 
the  work  went  on  with  uniformity,  but  it  was  always  noticed,  that  when 
from  any  cause  the  lowering  was  discontinued  for  a  day  or  two,  there  was 
a  liability  to  sudden,  and  to  a  certain  extent,  uncontrollable  movements. 
This  was  probably  due  to  the  compacting  of  the  earth  around  the  caisson, 
'precisely  as  it  does  around  a  pile  when  driven  slowly.  At  such  times  it 
would  seem  impossible  to  get  it  started,  and  when  once  movement  began, 
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it  was  almost  sure  to  split  a  set  of  blocks  before  it  was   arrested.    One 
reason  for  this  was,   that   at  such   times    it  was   difficult    to  keep  the 
men  busy,  and  the  trenches  inside  the  shoe  and  under  the  frames,  were 
sure  to  be  dug  too  deep  ;  this  in  turn  softened  the  clay,  and  lessened  the, 
firmness  of  the  bearing  surfaces. 

When  desirous  of  taking  advantage  of  the  weight  of  the  caisson  in  lower- 
inf,  the  engineer  at  the  air-compressors  would  be  directed  to  lower  the 
pressure,  as  each  pound  was  equivalent  to  an  additional  weight  of  1200  tons ; 
this  was  a  ready  and  simple  means  of  adjustment. 

The  greatest  variation  in  levels  on  the  four  corners  at  any  one  time  was 
one  foot,  which  is  a  small  amount  when  the  size  of  the  caisson  and  its 
entire  freedom  of  movement  is  considered.  The  change  in  position,  from 
the  central  line  in  the  whole  descent,  was  43^  inches,  and  in  the  direction  of 
the  centre  line  (the  narrow  way  of  the  caisson),  28)^  inches. 

BLOCKING. 

Simple  as  it  may  appear,  the  method  of  blocking  finally  adopted,  was 
one  out  of  'mait;y  that  were  tried.  Under  every  post  in  frames  there  was 
placed  crosswise  on  the  ground,  a  12  inch  square  timber,  2  feet  long. 
Across  this,  and  lengthwise  of  the  frame,  a  4x12  in.  spruce  plank,  3  ft.  long. 
Between  these  were  placed  (not  driven)  four  oak  wedges  4  inches  square  at 
the  butt.  The  settling  was  first  shown  by  the  wedges  being  forced  into 
the  spruce  planks,  until  they  were  completely  buried.  If  not  relieved,  the 
large  blocks  then  began  to  split,  separating  usually  into  two  parts,  and 
finally  burying  themselves  in  the  earth. 

MATERIAL   EXCAVATED. 

This  seemed  to  be  a  natural  concrete,  filled  in  with  boulders  of  enormous 
size,  one  which  was  blasted  to  pieces  containing  probably  250  feet.  Unfor- 
tunately it  was  not  uniform  in  character,  being  at  some  parts  very  much 
softer  than  at  others.  Notwithstanding  its  general  extreme  hardness,  when 
churned  up  as  it  was  in  the  water  shafts,  there  seemed  to  be  washed  out 
from  it  particles  of  extreme  fineness,  which  were  held  in  mxpension,  if  not 
partially  in  solution,  and  the  effect  was  to  largely  increase  the  specific 
gravity  of  the  water.  At  one  time,  one  of  the  shafts  was  idle  for  several 
days  (and  the  water  had  nearly  cleared  itself),  while  the  other  was  in  active 
use  ;  and  the  difference  in  level  in  the  water  columns  upheld  in  the  two 
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shafts  by  the  same  air  pressure,  was  about  9  ft.     The  weight  of  the  heavier 
column  was  about  85  pounds  per  cubic  foot. 

SIDE   FRICTION. 

There  was  but  one  time  during  the  whole  descent,  that  we  had  any 
opportunity  to  judge  even  approximately,  how  mucli  this  might  be.  At 
this  time  the  caisson  had  been  at  rest  for  several  days,  on  account  of  repairs 
to  cars  and  machinery.  Eveiy  effort  had  been  made  to  start  it  down  ;  the 
blocking  eased  so  as  to  have  but  slight  pressure  upon  it,  the  shoe  carefully 
examined,  ttc,  and  yet  no  movement  took  place,  until  the  fall  of  the  tide, 
or  a  slight  variation  in  air  pressure  started  it.  The  average  pressure  for 
the  day  was  17  pounds  per  square  inch,  giving  a  lifting  force  of  20,400  tons. 
The  bearing  surface  (posts  and  frames,)  was  about  125  square  feet,  which 
at  5  tons  per  foot,  gives  625  tons.  If  to  this  be  added  as  much  more  for  the 
pressure  on  the  edge  of  the  caisson,  the  total  uphMinrj  force  was  21,650 
tons.  The  iceiyht  at  the  time  was  estimated  at  27,500  tons.  If  these  figures 
are  correct,  the  weight  upheld  by  friction  was  5,850  tons.  The  exterior 
surface  of  the  caisson  contained  about  13,000  square  feet.  Hence  the  fric- 
tion per  square  foot  was  900  pounds.  It  is  necessary  to^  state,  however, 
that  these  figures  are  quite  problematical,  as  there  may  have  been,  at  points 
unnoticed,  more  pressure  on  the  shoe  or  block,  than  has  been  allowed  for. 
Even  if  these  figures  are  correct,  it  would  never  be  safe  to  rely  upon  the 
side  friction  as  a  means  of  support,  except  in  homogenous  material,  on 
account  of  its  great  irregularity. 

WATER-CLOSET. 

One  of  the  improvements  we  were  compelled  to  invent  was  a  pneumatic 
water-closet.  A  water-tight  cubical  box  was  made  with  sides  about  15  in., 
provided  Avith  seat,  «fcc.  Into  the  bottom  of  this  was  introduced  a  large 
iron  pipe,  connected  by  suitable  bends  with  one  of  the  pipes  passing  out 
through  the  roof,  and  in  this  was  an  air-tight  valve.  The  box  was  kept 
about  half  full  of  water,  and  whenever  the  contents  were  to  be  discharged, 
the  simple  opening  of  the  valve  was  entirely  sufficient,  the  air  pressure 
dissipating  them  above  in  a  fine  mist.  The  relief  from  the  effluvia  pre- 
viously existing  in  the  caisson,  was  complete. 

PHYSIOLOGICAL  EFFECTS  OF   COMPRESSED    AIR. 

While  the  pressure  ranged  from  15  to  17  pounds,  some  expei-iments  upon 
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the  pulse  were  made  by  Dr.  A.  H.  Suiitli,  of  New  York,  by  tlie  use  of  the 
sphygmograph.  They  were  interesting,  as  at  once  indicating  some  of  the 
effects  of  compressed  air  upon  the  system.  The  specimens  I  now  exhibit 
show  the  pulse  of  the  individual  to  have  been  82  beats  per  minute  before 
entering  the  caisson,  and  an  hour-and-a-half  afterwards,  to  have  been  126. 
At  another  time,  84  beats,  and  in  one  hour  after  entering,  114  beats  (and 
also  to  have  been  very  feeble). 

The  first  tw^o  are  the  most  characteristic.  They  show  a  remarkable 
increase  in  rapidity  of  circulation  while  in  the  compressed  air,  and  a 
decided  change  in  the  character  of  the  impulses  given  by  the  heart,  showing 
a  sharp,  quick  beat.  This  sharpness  of  beat  is  much  increased  by  exercise. 
The  volume  of  the  pulse  is,  however,  diminished,  thus  indicating  what  was 
previously  known  by  physicists,  that  the  blood  can  absorb  no  more  than 
a  fixed  amount  of  oxygen,  and  that  nature  regulates  the  amount  by  lessen- 
ing the  volume  of  blood  sent  to  the  lungs. 

The  air  from  the  compressors  passes  through  a  spray  of  water  to  cool  it, 
and  for  this  reason  it  is  always  loaded  with  moisture.  This,  together  with 
the  accelerated  action  of  the  system,  produces  a  profuse  perspiratioA,  even 
in  the  case  of  visitors,  or  those  who  are  taking  no  violent  exercise  ;  and 
necessitates  great  care  in  leaving  the  caisson,  to  avoid  chills  and  exposure, 
especially  in  the  air-lock.  It  is  hoped  that  the  steam  coils  provided  in  the 
locks  of  the  New  York  caisson  may  obviate  this  difficulty  to  a  large  extent. 

CANDLE   SMOKE. 

One  of  the  things  yet  to  be  invented,  is  a  candle  that  will  not  smoke  in 
compressed  air.  Whoever  does  this,  will  be  a  j^ublic  benefactor,  for  the 
smoke  is  an  unmitigated  nuisance.  This  is  due,  no  doubt,  to  two  causes. 
The  gases  liberated  by  the  heat,  are  under  the  abnormal  pressure,  and 
therefore,  reduced  iu  volume  ;  hence  there  is  a  smaller  flame,  and  less  sur- 
face exposed  to  the  oxygen  of  the  air. 

Again,  the  heat  due  to  the  combustion  of  a  fixed  quantity  of  gas,  is  itself 
an  unchangeable  quantity.  In  the  normal  atmosphere,  this  is  sufficient  to 
create  a  circulation  of  air  about  the  flame,  by  heating  and  rarefying  the 
particles  that  come  in  contact  with  it.  Of  course  when  the  density  of  the 
air  is  doubled,  twice  as  many  particles  as  before  have  to  be  heated,  to 
create  the  same  circulation,  and  tlie  result  is  tliat  much  of  the  time  a  large 
part  of  the  carbon  passes  off'  unconsumed,  foi'  the  luck  of  a  proper  supply 
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of  oxj'gen.  Whether  it  is  a  fact  that  the  increase  of  pressure  requires  an. 
increase  of  temperature,  for  the  proper  chemical  changes  to  take  place,  I 
cannot  say. 

CONCRETE. 

The  filling  in  of  the  chambers,  after  the  sinking  was  complete,  was  a 
very  simple  matter.  Bulkheads  of  boards,  about  3I3  feet  wide,  were  built 
across  the  chambers,  and  the  concrete  filled  in  these  in  laj^ers  of  from  six 
to  twelve  inches,  and  each  allowed  to  set  before  the  next  was  put  on.  The 
layer  next  the  roof  layer  was  left  sloping  about  six  inches  from  rear  to  front 
and  after  setting,  a  finishing  layer  was  rammed  in  between  it  and  the  roof 
with  iron  rammers.  Xo  difficulty  was  ever  experienced  as  to  the  concrete 
setting  ;  and  on  one  occasion,  having  to  remove  a  portion,  we  found  it  had 
already  acquired  a  considerable  degree  of  hardness. 

I  have  thus  touched  lightly  upon  some  of  the  most  prominent  features  of 
the  work.  It  has  been  so  fully  described  in  reports,  &c. ,  however,  that  I 
have  thought  best  to  omit  many  things  that  would  otherwise  be  of  great 
interest. 


Al'ti'i-  reading  tlu'  paper,  ]Mr.  Coi.Li.vcavooi),  by  rciiiiest,  con- 
tinued his  remarks,  as  follows  : 

In  reference  to  the  great  difference  in  level  of  the  two  columns  in  the 
water  shafts,  at  one  time  observed,  one  of  the  shafts  had  not  been  in  use 
for  several  days,  and  the  water  had  become  almost  clear,  while  the  other 
had  been  in  constant  use  up  to  the  time  of  the  occurrence.  The  difference 
in  level  was  so  great,  that  a  stream  of  water  had  been  turned  into  the 
heavier  column  hy  those  in  charge  outside,  for  fear  of  some  accident.  I 
was  inside  at  the  time,  not  knowing  that  this  had  been  done,  and  was  sur- 
prised to  find  the  water  in  the  pool  underneath  the  shaft  overflowing,  and 
filling  the  trenches. 

As  the  columns  in  the  shafts  were  entirely  supported  by  the  air  pressure 
inside  the  caisson,  and  were  a  direct  measure  of  the  same,  my  first  impress- 
ion was  that  some  accident  had  befallen  the  compressors,  and  that  the  air 
pressure  was  running  down  in  consequence.  I,  therefore,  went  above,  to 
discover  the  cause,  and  found  the  condition  of  affairs  as  follows- 
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The  water  in  one  shaft,  about  12  feet  from  the  top  ;  that  in  the  other, 
about  21  feet  from  the  top,  and  remaining  stationary,  or  nearly  so,  notwith- 
standing a  heavy  stream  of  water  pouring  into  it.  The  water  was  at  once 
shut  off,  and  on  weighing  a  sample  taken  from  the  shaft,  it  was  found  to 
weigh  about  85  pounds  to  the  cubic  foot,  being  fully  21  pounds  in  excess 
of  the  weight  of  that  in  the  other  shaft. 

The  water-shafts  were  large  tubes,  7  feet  square,  reaching  fi'om  the  air 
above,  down  through  the  masonry  and  the  roof  of  the  caisson;  and  extend- 
ing 20  inches  below  the  edge  of  the  caisson.  They,  therefore,  were  lower 
than  any  other  part,  and  required  especial  care  and  watchfulness  to  prevent 
injury  from  boulders  or  hard  earth  under  the  edge.  The  height  of  the  water 
in  them  was  (as  T  have  said)  regulated  by  the  air  pressure  in  the  chamber, 
and,  as  a  safeguard  against  accident,  we  never  allowed  the  water  in  the 
pool  at  the  bottom  to  get  down  nearer  than  six  inches  to  the  bottom  of  the 
shaft.  Whenever  a  shaft  was  not  in  use,  it  was  necessary  to  work  occa- 
sionally with  poles  underneath  the  edge,  so  as  to  be  sure  that  there  was  a 
free  communication  between  the  column  and  the  pool.  If  this  were  not 
done,  the  material  in  suspension  in  the  water  would  settle  down,  seal  the 
edge,  and  be  liable  to  cause  a  dangerous  excess  of  pressure  on  the  pool.  If  this 
became  great  enough,  the  water  would  tind  some  small  opening  eventually, 
and  run  down  rapidly  in  the  pool,  until  the  edge  was  exposed  ;  then  the 
air  would  find  vent,  and  cause  an  instantaneous  rush  of  all  the  excess  of 
air  in  the  chamber,  out  from  the  shaft ;  carrying  with  it  water,  mud,  and 
rocks  to  a  great  height.  This  only  occurred  once  during  the  progress  of  the 
work,  at  a  time  when  all  the  workmen  were  absent.  The  precaution  was 
usually  taken  of  leaving  a  small  stream  of  water  playing  into  the  shafts, 
but  in  this  case  it  had  not  been  done,  and  on  Sunday  morning  the  "blow- 
out "  took  place.  It  was  described  by  those  who  saw  it  as  presenting  much 
the  appearance  of  a  miniature  volcano. 

In  the  course  of  the  work  it  became  necessary  to  blast  rocks  from  under- 
neath the  edge  of  the  water-shafts.  It  had  been  hoped  that  the  dredges 
would  work  their  way  downward  in  the  original  bottom,  and  that  the 
blasting  might  be  dispensed  with.  The  boulders  proved  to  be  so  large  and 
numerous  that  this  was  impossible.  To  remove  the  water  from  the  shafts, 
the  expedient  was  adopted  of  bolting  on  the  top  a  strong  air-tight  cover. 
By  means  of  pipes  connected  with  the  interior  of  the  caisson,  compressed 
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air  was  gradually  admitted  above  the  water  column,  aud  the  water  slowly 
settled,  and  overtiowed  into  the  trenches,  from  whence  it  was  syphoned 
out.  The  hole  was  then  bailed  dry,  the  boulders  blasted,  and  the  excava- 
tion made  complete  to  a  depth  of  about  5  feet  below  the  shaft.  The  pro- 
cess of  refilling  was  the  most  dangerous,  great  care  being  necessary  that 
the  air  pressure  above  was  not  let  off  faster  than  the  water  was  supplied  in 
the  pool. 

Mr.  McDonald  asked  whether  he  understood  that  the  water  in  the  shafts 
had  been  weighed  at  the  time  of  the  great  difference  in  level  ? 

Mr.  CoLLixGwooi)  :  I  did  weigh  it,  and  found  the  water  in  one  about 
one-third  heavier  than  that  in  the  other. 

Mr.  Artiu'I!  :  Did  you  attribute  it  to  heavy  material  in  suspension  V 

Mh.  CoLi.iNGWOOD  :  It  could  luivc  bceu  nothing  else  than  heavy  material 
either  suspended  or  in  solution.  Very  nuiddy  water  would  weigh  more,  of 
course. 

In  reply  to  other  questions,  as  to  the  effect  of  compressed  air  upon  the 
system,  Mr.  CcoLr.iNGWOOD  said  :  I  frequentl}'  found  that  my  pulse  was  so 
feeble  that  I  could  hardly  count  it.  Inhaling  the  carbon  given  off  by  tlie 
candl^,  made  many  of  the  men  cough  more  or  less  for  a  month  after  the 
work  inside  the  caisson  was  finished.  This  was  true  in  my  own  case,  and, 
even  now,  I  occasional!}-  expectorate  small  quantities  of  it,  after  a  lapse  of 
four  months.  The  usual  time  spent  inside,  continuously,  was  four  hours. 
On  two  occasions  I  remained  from  six  to  seven  hours,  and  in  each  case  felt 
exhausted  afterward,  aud  my  sj^stem  was  somewhat  deranged  for  a  day  or 
two.  This  was  with  a  pressure  of  about  15  pounds  above  the  atmosphere. 
With  a  higher  pressui'e  it  would  have  been  dangerous  to  remain  so  long. 

In  reference  to  the  light,  we  had  complete  arrangements  for  the  use  of 
calcium  lights,  but  the  supply  of  oxj'gen  was  extremely  uncertain.  These 
were  a  great  relief  when  we  had  them,  as  we  were  then  obliged  to  use 
candles  at  points  under  the  shoe  only.  We  used  the  street  gas  constantly 
for  fixed  lights,  but  the  freezing  of  pipes  and  other  contingencies,  rendered 
these  also  at  times  uncertain. 

CoL.  Adams  asked  :  What  is  the  general  state  of  the  atmosphere  in  regard 
to  moisture  ? 

Mr.  CoLLiNGWOOD  :  It  is  always  at  the  point  of  saturation,  or  nearly  so. 
The  escape  of  a  small  quantity  of  air,  therefore,  produces  a  dense  fog. 
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Col.  Adams  :  Could  you  uot  use  reflectors  ? 

Mr.  CoLLiKcnvoon  :  Tliey  were  not  tried  thoroughly,  hut  an  experiment 
made  mWU  them  was  not  satisfactorj^  on  account  of  the  constant  conden- 
sation upon  them,  together  with  the  deposit  of  lamp-black,  &c.,  induced. 

Mr.  Arthur  asked  the  nature  of  the  instrument  by  which  the  pulse 
tracings  were  made. 

Mr.  CoLLiNowooD  described  it  as  a  delicate  lever  pivoted  at  one  end,  and 
carrying  at  the  other  a  point  supplied  with  ink.  This  point  pressed  lightly 
against  a  strip  of  paper,  which  Avas  carried  along  by  clock-work,  so  timed, 
as  to  run  its  course  in  ten  seconds.  Pressing  against  the  lever  near  the 
pivots,  was  a  point  connected  to  a  spatula-shaped  piece,  resting  upon  the 
pulse  of  the  wrist.  The  lever  was  thus  thrown  up  by  each  beat  of  the  pulse, 
and  produced  the  wavy  lines  shown  in  the  tracings. 

Mr.  McDonald  said  :  You  speak  of  the  downward  pressure  having  the 
effect  of  crushing  the  intermediate  supports  you  made  use  of  in  the  Brook- 
lyn caisson.  Do  you  not  expect  a  greater  pressure  in  the  New  York  caisson 
on  account  of  the  increased  depth  '? 

Mr.  CoLLiNGWooD  :  The  fofal  pre.ssure  will  of  course  be  greater,  but  the 
bearing  surface  of  the  frames  has  been  so  nnu-h  increased,  that  we  antici- 
pate no  difficulty. 

Mr.  ]\IcDoxALD  :  Was  the  cutting  edge  made  use  of  in  the  Brooklyn 
caisson  ? 

Mr.  CoLLiNowooD  :  It  was  of  no  avail,  on  account  of  the  extreme  hard- 
ness of  the  material. 

Mr.  McDonald  wished  to  know  whether  the  .shape  of  tlie  edge  had  been 
changed,  and  what  it  was  ? 

Mr.  Colltngwood  :  The  section  of  the  edge  showinl  a  quadrant  of  2)2 
inches  radius,  joining  the  outside  vertical  line  and  (he  inner  curve;  which 
latter  had  a  radius  of  about  11  inches,  and  was  tangent  to  the  inside  of  the 
caissofi — the  inside  making  an  angle  of  about  40  degrees  with  the  vertical. 
This  made  the  horizontal  distance  between  the  two  tangents,  at  their  lower 
ends,  8  inches. 

Mr.  Akthith  asked  how  the  water  was  removed  from  tlie  caisson,  after 
flooding  it,  at  tiie  time  of  the  fire. 

Mr.  CoT-i.TNOwooD  :  At  this  time  the  edge  was  so  far  below  the  bottom, 
that  the  water  could   not   go  out  under  the  edge.  '  We  had,   therefore,  to 
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force  in  air,  at  sufficient  pressure,  to  cause  the  water  to  overflow  the  water- 
shafts.  The  pressure  was  increased  until,  at  the  close,  when  all  was  out 
that  c;oukl  be  safely  removed,  it  was  21i<^  pounds,  in  addition  to  the  atmos- 
phere. 

Mr.  McDonald  asked  whether  the  batter  of  l}-^  inch  to  the  foot,  given 
the  outside  of  the  caisson,  was  considered  advantageous,  and  what  w;is  its 
object  ? 

Mr.  CoLLiNGWooD  :  The  original  intention  of  this  was  to  prevent  the 
caisson  from  rising  and  falling  with  the  tide,  when  the  excavation  had  as 
yet  but  little  depth.  This  was  finally  accomplished,  by  allowing  sufficient 
overwciglit  to  overcome  the  buoyancy  at  high  tide.  The  reduction  of  side 
friction  was  also  an  object,  and  for  this  it  was  of  much  use. 

Mr.  McDonald  asked  if  it  were  not  desirable  to  have  the  side  friction  as 
great  as  pcJssible,  to  relieve  the  strain  on  the  interior  supports  ? 

Mr.  CoLLiNawooD  :  In  our  experience,  it  is  not,  because  of  its  great 
irregularity.  At  one  time  the  friction  would  be  so  great  that  we  could 
scarcely  get  the  caisson  to  settle  at  all,  and  at  another  the  motion  was  too 
rapid.  We  hope  if  will  be  more  uniform  on  the  Xew  York  side,  on  account 
of  t!u>  absence  of  boulders.  The  excavation  will  there  be  mostly  sand. 
To  a  moderate  degree  the  downward  pressure  (-an  be  governed  by  the  air 
pressure,  as  the  latter  is  a  lifting  force. 

Col.  Adams  Avished  to  know  if  we  had  not  quicksand  to  pass  tlirough  in 
NcAV  York  ? 

Mr.  CoLLiNGWooD  :  There  is  a  considerable  body  of  it,  but  we  do  not 
anticipate  trouble  in  working  it,  as  the  air  pressure  will  keep  it  back. 

Mr.  McDonald  argued  that  the  form  adopted  was  not  so  favorable  for 
strength  as  one  with  vertical  sides,  and  that  the  friction  after  all  is  only 
relieved  for  a  few  feet  from  the  cutting  edge  by  reason  of  the  slope.  On 
the  New  York  side  there  would  undoubtedly  be  friction  from  the  very 
point  of  the  cutting  edge  upward,  and  it  does  not  look  as  if  the  cutting 
edge,  which  projected  outside  of  the  line  of  strain,  would  be  .so  likely  to 
keep  its  form  as  one  that  was  vertical.  The  Brooklyn  one  had  been  some- 
what distorted  in  sinking,  and  if  seemed  to  him  that  vertical  sides  would 
have  been  preferable. 

Mr.  Coi-lingwood  answered  at  length,  as  follows  :  This  whole  matter 
was    thorouffhlv   investigated,   and   the  conclusions  reached  seem  to  have 
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been  justified  by  experience.  It  must  be  borne  in  mind  that  the  outside 
was  vertical  for  about  2%  feet.  The  idea  from  the  start  was,  that  there 
should  at  no  time  be  more  than  a  certain  weight,  say  7,000  tons,  resting 
upon  the  edge  and  other  supports.  These  computations  were  made  on  the 
supposition  that  the  air  pressure  was  kept  up  to  an  amount,  equal  to  the 
pressure  due  to  the  head  of  water  outside,  above  the  cutting  edge.  The 
state  of  the  tide  had  always  to  be  considered,  since  this  made  a  variation  in 
external  pressure  of  2}^  pounds  per  square  inch. 

Until  the  edge  was  sunk  some  distance  in  the  earth,  this  had  to  be 
governed  by  the  compressors.  As  the  tide  was  rising  they  were  run  rapidly, 
and  when  falling,  they  were  almost  stopped.  The  variation  in  internal 
pressure,  caused  thus  a  change  in  the  buoyancy  of  the  caisson  (which  was 
opposed  of  course  to  its  weight)  of  about  3,000  tons.  In  other  words,  the 
pressure  on  the  supports  was  3,000  tons  more  at  low  than  at  high  tide. 

The  computation  then  was  this  :  given  a  certain  bulk  of  limber,  stone, 
&c.,  its  weight  was  the  total  pressure  downward,  disregarding  side  friction. 
Given  also  a  total  depth  below  high  or  low  water,  there  was  so  much  water 
displaced,  the  weight  of  which  was  the  total  lifting  force.  The  difference 
between  these  was  the  pressure  on  the  supports,  disregarding  friction.  It 
was  calculated  that  if  the  whole  weight  of  the  caisson  came  upon  the  sup- 
ports, even  with  no  air  pressure,  their  bearing  power  was  sufficient. 

In  the  Brooklyn  caisson,  our  experience  was,  rather  a  danger  from  forc- 
ing inward,  than  from  spreading  of  the  sides.  In  every  case  we  found  the 
timbers  to  have  slipped  inward,  if  at  all  (in  one  place  several  inches,)  owing 
no  doubt  to  the  hardness  of  the  material  passed  through. 

Mr.  Steele,  remarked  that  this  subject  was  under  discussion  at  one 
time,  and  the  impression  of  Mi*.  John  A.  Roebliug  was,  that  there  would 
be  no  pressure  on  the  cutting  edge  at  all,  that  the  forces  below  would  flood 
the  whole  thing.  The  experience  with  the  Brooklyn  caisson  had  been 
somewhat  different.  His  fear  was  that  there  might  be  trouble  from  a  lack 
of  weight.  When  you  drive  a  pile,  the  sand  closes  around  it,  and,  if  left 
standing,  it  is  difficult  to  start  it  again.  The  fear  was  that  a  similar  thing 
would  happen  with  the  caisson,  and  to  some  extent  this  has  proved  true. 
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A  |»a|Kr  I'cail  Ity  .M.\i;iin  Cokvki.i.,  (,'.  K.,  .McmlKT  of  the  Soi-iety. 

For  tlic  year  is-,'o,  the  lA'liigli  Coal  and  Navipition  Company  rwportcil 
oHo  tons  of  antluacite  coal  sent  to  market. 

In  is^'J,  tlic  same  conipan}-  reported  2,240  tons  carried  on  their  eanal, 
and  the  Schiiyii\ill  Canal  Company  reported  1840  tons  ;  total,  8,720  tons, 
for  the  year  1822— equal  to  one  day's  production  of  seven  good  collieries, 
and  seven  ordinary  railway  coal  trains. 

The  annual  production  of  an*'  raeite  coal  for  the  year  ls7(),  is  given  at 
15.849,891»  tons. 

These  facts  clearly  demonstrate  that  anthracite  coal  is  a  staple  article 
in  the  necessities  and  requirements  of  the  people,  and  is  so  much  more 
etfective,  labor-saving,  and  cleanly,  than  any  other  fuel  ;  and  while  its  sell- 
ing price  is  kept  within  reasonable  bounds,  it  cannot  be  superseded  :  and 
as  population  and  manufactures  increase,  so  will  the  consumption  of  this 
coal,  if  cai)ital,  engineering  skill,  and  labor  are  left  untrammeled. 

The  older  members  of  the  profession  know  the  difficulties  under  which 
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<}vth:U  for  I'oul  were  niiiilc,  and  liow  wearviiii:'  i(  was  to  induce  capital 
into  the  cnterjjrise.  and  how  [XHUiiiariiy  worthless  coal  and  coal  lands 
weiv  in  tiie  roclc-rilibcd  mountains,  and  the  wildei'ness,  without  the 
means  of  ieaciuni;-  the  populous  portions  of  our  country,  where  it  could  be 
consumed  to  advantai^e  and  profit. 

To  promote  and  encoura!j,e  the  buiidina,'  of  tliese  mithlx,  liberal  grants 
and  privileges  were  given  by  'die  State  Legislature,  and  simie  States  in 
their  sovereign  capacity,  assisted  in  const i-ucting  and  exi ending  these  ««/- 
leU. 

The  State  of  Pennsylvania  contains  within  her  bounds  all  of  llic  avail- 
able anthracite  coal  worth  namim:'  in  tlie  I'nited  States. 

But  the  large  majority  of  the  capital  invested  in  the  outk-fx,  in  the 
ownership  of  coal  and  coal  lands,  in  the  collieries  and  transi)ortation  facili- 
ties, is  furnished  from  without  her  borders. 

Thei'c  aiT  three  disti:  ct  coal-fields,  known  geiu  rally  as  the  Southern, 
Middle  and  A^orthern  coal-fields,  and  tliei'e  are  four  grand  outlets  to  reach 
the  New  York  or  Eastern  market. 

Tlie  cOrd  from  tlie  difiereni  coal-fields  dill'ers  in  (quality  and  cost  of 
mining,  also  in  the  cost  of  transportation  to  the  common  market  at  New 
York  ;  and  without  intending  to  be  invidious,  or  to  provoke  discussion,  I 
would  state  geiu'rally  that  the  Middle  coal-field  ranks  first  in  advantages, 
the  Southern  next,  and  the  Northern  last. 

Here  arises  the  difficulty  of  fixing  a  uniform  rate  for  mining  coal  by 
the  car  or  ton,  and  a  uniform  price  iier  ton,  at  a  common  market. 

It  is  ver\'  generally  conceded  that  the  average  wholesale  price  of  coal  per 
gross  ton,  at  the  ports  or  landing  near  New  York  City,  such  as  Weehawken, 
Hoboken,  Port  Johnston,  or  Elizabethport.  should  be  five  dollars,  so  as  to 
fairly  remunerate  all  the  interests  cornected. 

The.se  are  the  details  from  an  ordinary  colliery.   l)ased  ui)on  tl  c  ])rice 

of  five  dollars  i)er  ton. 

Outlet^  Kail  and  Canal :)()  i>er  cent.,  or  %\M)  per  ton. 

Ownersof  coal  laml  and  works,  10    "  "  50  "  " 

Colliery  and  Stock 10    "  "  m  "  " 

Outsidehibor*  superintendence  10  ,  "  "  50  "  " 

Miners' and  mine  labor 20    "  "  1.00  "  " 

■|"ransp  irtatiou 10     "  "  50  "  " 

immissioii 5     "  "  35  "  " 

'til 5    "  "  25  ■'  " 

Total .flOO  per  cent.  .f5.00  per  ton. 
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Of  these  outlays  the  tirst  lour  ileiiis,  luuouiiling  to  tJO  pel-  eent.  or  |8 
per  ton  of  coal,  is  a  i)eriiianent  outlay,  aiul  must  tirst  be  provided  for  before 
the  mining  can  commence,  which  is '30  percent.  or-^IO't  per  ton  of  coal 
*on  the  price  of  .fo.OO.  And  tliis  is  not  permanent,  or  paid  in  money,  but 
is  contributed  by  laljor,  and  is  taken  on!  aL^ain  in  money,  at  the  monthly 
pay  day  :  and  since  tlie  Laws  of  the  Commonwealth  ensure  this  portion  of 
the  investment  a.uainst  all  risk  or  loss,  to  the  amount  and  value  of  the 
colliery  and  slock,  at  least  4(1  i)er  cent,  of  the  investment  is  made  to  insure 
'20  per  cent,  every  thirty  days  to  ihe  nnner  and  laborer. 

Indc:  these  circLinstance.s  and  some  others,  the  miner  and  laborer 
'find  sufficient  ia>"ucements  to  invest  their  labor  at  a  colliery. 

i^uch  a  moiety  of  (ii|)ital  as  2(1  jxm  cent,  and  that  fully  insured,  and 
iindei-  his  control  every  n.onth,  -hould  not  iiive  either  miner  or  laborer 
the  ri;  ht  to  dictate  liow  work  should  be  done,  at  what  prices  coal  from 
each  collici-y- should  1)e  sold,  and  in  what  (piantities. 

As  a  general  rid(  the  tirst  three  divisions,  amounling  to  -iO  per  ceid.  or 
l^.oO  per  ton,  have  a  uniform  price,  running  by  the  year  or  for  many  years; 
consequently  if  a  rise  in  th  price  of  coal  is  brought  about,  it  does  not  enure 
to  the  benefit  of  the  three  lir>t  divisions,  or  to  the  two  last  divisions  ;  so 
that  if  a  rise  of  two  dollars  per  ton  q^in  be  effected  on  the  annual  product 
of  l.'),7r)0,()<)0  tons,  it  would  take  from  Ihe  consumers  $31,500,000,  to  be  dis- 
tributed amo;;g  30,000  miners  and  laborers,  and  say  10,000  speculators  and 
middle  men. 

A  regular  supply  an<l  a  unifoi'mity  of  price,  and  that  as  low^as  practic- 
able, is  the  true  method  b,  which  the  annual  increase  of  anthracite  coal 
can  be  kept  up.  and  by  moving  large  (juantities  regularly  and  not  spasmod- 
ically, the  transportation  can  be  greatly  cheapened  to  the  (•(jiisuiier. 

Public  att<Mition  is  being  directed  to  the  danger  and  dithculties  of 
mining,  and  to  Ihe  fact  that  nunc  labor  has  not  received  the  rewarl  it 
deserves. 

In  all  liranches  of  labor,  mechanical  and  engineering  work,  a  portion 
ha>  to  be  accomplished  under  ditficul'ies,  and  at  great  risk  of  life,  limb  and 
health  ;  and  such  labor  should,  and  does  command  a  corresponding  price. 

The  nnner's  occupation  is  no  worse  than  many  other  trades  in  all  these 
respects,  and  none  are  better  rewarded  than  the  miners  as  a  class  ;  and 
very  many  accidents  and  afflictions  are  brought  upon  themselves  l)}^  their 
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igiKtrancc  of  llic  work  Ihcy  iindcrtakc,  tlu'ii'  |K'r\<TS('ii('ss.  and  a  deleniiina- 
lion  to  risk  their  lives  rather  tiian  to  l)eat  the  expense  and  tr()iit)l(!  of  seeur- 
ing  tlieniselves  from  danner. 

The  system  of  miniiiu  ni>\\  followed  in  the  antiiraeite  I'egions  is  ex- 
tremely wasteful,  and  most  unsatisfactoiy. 

One  half  of  the  coal  in  a  seam  is  wasted  ;  much  money  is  uselessly 
expended  in  the  getting  and  preparing. 

The  term  "  skillful  miner,"  sliould  he  ajiplied  to  such  men  as  can  and 
do  get  all  of  the  coal  out  of  the  mine,  and  leave  all  of  the  slate  and  dirt,  if 
at  all  pi'acticable,  within  the  mine.  "  Skillful,"  should  not  apply  to  those 
who  get  the  most  coal  out  at  the  least  expense  to  themselves,  and  leave 
behind  as  much  as  they  take  out,  because  it  requires  e^tra  care,  cost  and 
exertion  to  secure  it. 

This  jiractice  comes  frouj  the  baneful  effects  of  contract  work. — of  cut- 
ting coal  by  the  ton  or  car, — and  has  demoralize!  the  entire  )nining  com- 
munity. 

The  miners,  by  eoinbination  and  collusion  with  the  "  l)oss,"'  establish 
the  piice  jier  ton  or  cai-,  for  the  working  of  breasts  or  gangwaj-s  that  are 
attended  l)y  some  extraordinary  difficulties,  and  then,  under  the  rules  of 
their  as^jociations,  all  members  must  have  the  .same  price,  or  all  must  stop 
work. 

Those  who  were  fortunate  in  having  secured  agoo  1  breast,  can  in  three 
or  four  hours  earn  or  accomplish  their  day's  work  and  leave  the  mine, 
whikst  their  laborer  must  remain  in  the;  gas  and  powder  smoke,  and  be 
exposed  to  all  the  dangers  of  falling  coal  and  rock,  and  load  into  ears  the 
coal  the  miners  lune  cut,  and  his  wages  are  but  little  above  ordinary  labor. 

When  a  breast  or  seam  of  coal  ])roves  difficult  to  work,  the  miner 
abandons  it,  gives  it  a  bad  name,  and  it  is  virtually  lost  to  tiie  owner. 

If  men  are  employed  by  day's  work,  and  paid  regular  wages,  they 
invariably  idle  their  time,  and  make  the  cost  so  excessive,  that  contracts 
are  almost  essential  to  accomplish  the  needed  work.  Should  the  mine  boss 
or  manager  interfere,  or  discharge  men  for  such  coniliu'l,  the  association  is 
notified,  and  from  them  issues  a  mandate  for  a  "suspension,"  until  the 
boss  is  discharged,  and  the  men  reinstated. 

Tiiere  exists  no  friendly  feeling  between  the  employer  and  tho.se  em- 
ploved.     Tiie  loi'mer  feel<  that    he    was   imjMised  upon    and    the  latter  is 
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assured  that  lie  will  not  uet  aiiotlicr  j^ood  ciiaiicL',  and  so  soon  as  business 
relations  arc  finished  they  willingly  separate,  and  as  neither  jnirty  made 
any  elforts  to  make  tlu;  house  and  home  of  the  miner's  family  agreeable  and 
cheerful,  there  arc  no  tics  or  associations  t(j  induce  a  further  stay. 

My  conclusions  are.  that  cheap  coal  can  only  be  furnished  aiid  main  - 
tained  by  the  employment  of  comi)etent  civil  and  mining  engineers, 
mechanical  engineers  and  mechanics,  in  connection  with  skilled  miners 
and  extraordinary  labor. 

Close  and  specific  accounts  should  be  kept  at  all  collieries,  and  strict 
accouutabilit}-  be  maintained. 

Work  generally  shfiuld  be  done  l)y  the  day,  and  at  wages  in  proportion 
to  the  risk  encountered,  and  all  coal  in  the  seams  should  be  made  available, 
and  the  good  coal  and  that  easily  mined  should  be  made  to  pay  for  the 
poor  coal,  and  that  more  dillicult  to  mine  and  prepare. 

It  should  l)e  the  duty  of  tlie  mining  engineer,  mine  boss,  and  their 
assistants,  to  make  every  portion  of  the  mine  as  safe  and  secure  as  an 
ordinary  ([uarry,  or  other  engineering  enterprise,  and  with  as  healthful  and 
pure  an  atmosi)here  for  the  majority  of  the  workmen  ;  and  when  e.xtra 
hazardous  work  is  required,  let  the  necessary  cautions  be  taken. 

More  attention  should  be  given  to  provide  home  comforts  for  the  miner 
and  laborer,  and  their  families,  also  a  hospital,  antl  to  establish  at  each 
colliery  police  regulations  simihn-  to  those  in  village  charters,  and  for  the 
same  purpose,  and  these  provisions  should  be  considered  as  a  part  of  the 
annual  compensation  to  each  person,  in  propurtion  to  his  annual  earnings. 

And  further,  each  colliery  shoidd  be  credited  in  the  annual  averages 
of  wages,  for  the  benefits  of  all  improvements  of  whatever  kind  are  i)rovided 
for  their  men,  either  in  safety  in  and  about  the  mine,  or  labor-saving  ai)- 
pliances  in  getting  from  or  to  their  work,  and  in  the  convenient  and  abun- 
dant supply  of  good  and  wholesome  water. 

By  so  doing,  our  mining  region  would  not  present  the  desolation  that 
many  portions  do,  by  dilapidated  and  abandoned  dwelling  houses  and 
breakers,  and  the  sad  reflection  that  millions  of  tons  of  good  coal  have 
been,  in  an  engineering  sense,  disreputably  wasted  from  the  owners  and 
future  consumers,  and 'v^y^V/// expended  without  having  accomplished  its 
useful  eflfect  upon  its  possessor,  and  the  great  interests  of  the  countrv. 
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Mr.  Steele  made  the  following  observations  on  the  sub- 
ject of  Mr.  Coryelt/s  ])a|»er  : 

(,)iir  able  ))i'()tli(.T  liastDUchctl  on  suhjccis  which  are  of  vast  importance. 
This  question  of  labor,  is  worlii  while  to  be  discussed  here.  It  is  a  mighty 
question  ;  one  which  involves,  at  this  time,  very  great  interest. 

Tliis  organization  in  the  coal  region  which  he  speaks  of  had  its  origin 
undoubtedly  in  an  amount  of  oppression  to  paid  lahoi',  which  has  never 
had  its  equal  in  the  civili/xul  world.  We  must  not  look,  therefore,  at  these 
great  strikes  as  mere  emanations  fiom  a  bad  spirit.  They  originated  from 
a  necessity,  which  was  improperly  trans])lanted  into  this  country,  where 
perhaps  they  will  not  have  a  very  vigorous  growth. 

It  is  a  great  ({uestion,  hoxAcver.  We  have  seen  4(),()U()  men  arrayed  in 
our  coal  regions  against  capital.  The  organization  was  so  perfect  that 
capital  could  make  no  impression  u]H)n  it.  It  wa>  sucli  an  organization  as 
I  really  believe  no  capital  is  capable  of  elfectually  opposing.  You  cannot 
get  any  amount  of  capital  so  effectual,  so  perfect  in  all  its  parts,  as  this 
organization  of  labor  ;  hence  its  success.  Yet  measures  are  taken  to  secure 
greater  safet}-  in  the  mines,  to  secure  arbitration,  and  various  things  of 
that  kind,  and  I  have  no  doubt  that  in  time  they  Avill  yield  to  the  effort 
which  has  been  made,  and  the  circumstances  which  have  been  brought  to 
beai'  xipon  them. 

This  is  a  jiolitical  subjict,  involving  statesmanship  as  well  as  civil 
engineering. 

He  has  referred  lo  anoliier  subject,  that  is,  to  the  waste  of  coal,  in  the 
present  system  of  mining.  I  Jiave  in  my  mind  one  of  the  most  valuable 
portions  of  the  coal  region,  in  Avhich  1(),()0(),()00  tons  of  coal  are  taken  out 
and  10, 000,000  tons  are  left  tlu're.  Thei'c  are  some  of  the  dirt  heaps,  out 
of  which  the  exti-aordinary  amount  of  seventy  per  cent,  of  marketable  coal 
is  extracted.  I  would  like  to  hear  from  Mr.  I^ockwell  upon  this  subject, 
which  he  understands  so  well. 

Mr.  KocKWEi.i,  :  I  don't  know  that  I  can  state  much  more  than  has 
been  stated  by  Mr.  Steele.  My  estimates  brought  the  waste  to  sixty  per 
(•ent.  of  the  whole  amount  of  coal  that  was  worked  there.  The  company 
had  actually  sold  one-lhird  of  the  coal  that  they  had  worked,  and  had 
Masted  two-thirds   of  it.     So  it  is   ihroiiahoul    the  whole  of  the  anthracite 
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rcgkm,  one-luilt'  fully  is  waste.  Mmv  than  ono-lliinl  of  the  coal  is  left  in 
the  mines,  and  the  mountains  of  coal  dirt,  as  we  call  it,  show  liow  nuu-h 
Is  wasted  on  the  outside.  The  uninitiated  think  more  of  that  tlian  they  do 
of  what  we  waste  in.side.  They  do  not  see  that  we  actually  leave  more 
than  one-third  in  pillars.  It  is  a  question  not  very  (  reditahle,  to  the  mining 
engineering  part  of  our  profession  :  but  the  fact  is  so,  nevertheless. 

In  other  quarters  where  they  have  veins  as  large  and  as  difficult  to 
work,  they  have  long  since  got  beyond  that  stage  of  work  where  tiiey 
wa.ste  one-half  of  the  coal.  They  have  now  got  where  they  have  reduced 
the  waste  to  one-eighth  and  one-tenth,  and  in  some  places  they  take  it  all 
out.  It  may  be  that  it  wouUl  cost  a  little  more  per  ton  to  mine  the  coal  in 
that  way,  but  when  you  consider  that  you  get  all  ihc  coal,  the  landlord 
would  be  better  olf  by  getting  a  smaller  amount  per  ton,  on  the  condition 
that  it  were  all  worked  out,  than  he  would  by  getting  a  present  royalty  on 
one-half  of  his  coal. 

The  ([uestion  has  assumed  such  a  great  importance  in  the  anthracite 
region,  that  it  was  one  of  the  main  reasons  for  the  organization  of  the 
society,  which  will  be-  announced  presently  from  the  Chair.  It  is  an  Insti- 
tute of  Alining  Engineers,  who  have  taken  hold  i if  the  subject,  and  who 
propose  to  investigate  the  cause  of  the  waste  in  mining.  It  is  a  subject,  1 
think,  which  deserves  the  attention  of  engineers,  and  one  wiiich  is  of  vast 
importance  to  the  country.  The  prosperity  of  the  country  at  large,  and 
more  particular!}'  that  of  the  State  of  Pennsylvania,  depends  s<>  largely 
upon  its  anthracite  mines,  that  it  is  a  subject  which  takes  precedence  of 
almost  all  others  in  the  State. 

The  Vice-Pkesident  stated  that  Mr  Rockwell  had  informed  him  of 
the  organization  of  such  a  society,  and  for  the  purposes  mentioned. 

]\Ir.  CoRTET>i.  :  I  wish  to  state  that  mining  engineering  has  been  some, 
what  guilty  in  this  matter  :  Init.  I  assure  you,  a  good  mining  engineer  lias 
never  had  much  credit  up  there  for  attending  to  any  of  these  little  matters 
which  make  economy  and  save  money,  and  they  have  been  overridden  by 
this  system  of  mining  coal  by  contract.  No  good  engineer  is  allowed  to 
direct  anj-  good  mine,  and  it  is  only  the  engineers  who  permit  those  things 
to  go  on,  who  have  any  success. 

Mr.    Casimir    Const.\ble    presented    a   paper   on    "Arch 
Beams." 
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ARCHED   BEAMS. 

A  paper  presented  by  Casimir  Constable,  C.  E.,  Member  of  the 

Society, 

Oq  this  subject  the  profession  in  this  country  have  a  few  strictly  math- 
ematical treatises  too  general  and  complicated  for  the  practical  man,  while  few 
have  the  time  or  inclination  to  wade  through  pages  of  long  formuke,  often  to 
find  little  which  they  can  direct! 3'  apply  in  practice. 

We  very  much  need  a  clear,  concise  statement  of  the  main  facts  pointed 
out  by  theory* ;  simply  formuke  for  the  maximum  strains  in  the  different 
cases  to  be  met  with ;  the  points  where  those  strains  occur ;  and  the  general 
nature  and  direction  of  the  curve  which  the  maximum  strains  would 
describe  if  they  should  be  plotted  out  for  every  point  of  the  arch.  To 
illustrate  what  is  here  meant :  In  the  arch  free  at  the  ends,  the  maximum 
strain  is  at  the  haunch,  about  ^  the  span,  and  =;  T,  at  the  centre  =T^  at  the 


*  This  paper  was  written  a  year  before  going  to  print,  since  which  time  several  articles 
have  appeared  which  throw  great  practical  light  on  the  subject.  B.  Baker  on  "  Strength 
of  Beams,  Columns  and  Arches,"  lately  published  in  England,  treats  the  subject  in  the 
manner  suggested. 
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spring  =  T2  ;  then  the  maximum  intermediate  strains  are  expressed  by  a 
parabolic  curve  from  Tj^  to  Tg,  with  its  vertex  T;  these  three  strains  may 
be  laid  off  to  a  scale,  and  it  is  not  necessary  to  know  the  intermediate 
ones,  but  only  to  describe  by  eye  such  a  curve  between  them ;  since 
the  actual  assumed  strain  is  always  in  excess  of  these  (T,  T^,  Tg),  the 
maximum. 

Often  the  letters  of  formulfo  expressed  by  the  calculus  are  too  vaguely 
defined  to  allow  of  their  being  used ;  this  is  to  be  much  regretted  in  the  ex- 
cellent formulre  on  this  subject  in  Rankine's  Civil  Engineering. 

Very  seldom  does  it  happen  that  the  size  and  cost  of  an  arch  bridge 
will  warrant  the  adoption  of  the  long  calculations,  however,  which  are 
indulged  in  by  foreign  Engineers,  and  thus  "  straight  truss  bridges  are  often 
met  with  where  arches  might  have  been  more  economically  employed,  had 
their  theoretic  calculations  been  as  simple  and  as  familiarly  understood  as 
those  of  the  former.  " 

Now,  the  following  reasons  in  part  show  that  theory,  after  all,  only 
approaches  the  real  strains  existing  in  a  metallic  arched  beam.  First,  the 
known  variable  elasticity  in  different  parts  of  the  same  piece,  whether  of 
iron  or  steel.  To  this  must  be  added  a  settlement  or  pressing  apart  of 
the  abutments  or  piers ;  this  if  properly  constructed  ought  not  to  cause 
much  change  in  the  problem,  but  still  would  effect  it  somewhat.  Again, 
if  the  feet  of  the  arch  are  keyed  up  with  wedges,  it  is  almost  impossible 
not  to  drive  one  tighter  than  another,  and  thus  change  the  position  of  the 
line  of  pressure,  as  well  as  cause  an  initial  strain.  Then,  again,  there  may 
be  weak  riveted  joints,  or  in  the  case  of  butt-joints  an  inaccuracy  in  the 
angle  of  the  faces,  so  that  more  strain  will  be  borne  by  one  side  than  the 
other.  Also,  though  the  arch  be  erected  with  an  increased  rise,  so  that 
under  a  total  maximum  load  the  deflection  will  make  it  coincide  with  the 
curve  of  pressure,  yet  under  any  other  load,  or  with  strain  due  to  tempera- 
ture, the  line  of  pressure  will  pass  nearer  the  outer  edge,  causing  increased 
compression  in  that  edge  per  square  inch.  Hence,  so  long  as  the  nice 
mathematical  elaborations  depend  upon  assumptions  not  strictly  perfect, 
their  accuracy  is  illusive.  While  all  these  and  other  causes  tend  to  form 
doubts  whether  theory  can  be  closely  followed,  it  may  be  said  that  the 
maximum  assumed  loads  seldom  if  ever  occur,  and  if  a  large  factor  of 
safety  is  taken,  the  corresponding  strain  per  square  inch,  should  it  slightly 
exceed  calculation  from  any  of  the  above  causes,  would  not  cause  injury 
to  the  structure.     Also  the  play  at  the  joints,  which  can  not  be  calculated,  in 


.  377 

many  instances  will  cause  the  theoretical  strain  due  to  temperature  to  be 
overestimated.  Besides,  in  practice  it  is  more  economical  to  retain  the  section 
constant  through  long  distances  than  to  continually  vary  it  to  conform  to  the 
strains  at  each  point,  and  since  practical  reasons  do  not  warrant  a  too  close 
refinement  of  calculation,  we  may  content  ourselves  with  approximate  for- 
mulae, and  for  only  occasional  points,  so  long  as  they  are  based  upon  what  is 
considered  accurate  theory. 

A  review  of  the  principles  which  govern  the  strains  in  beams,  straight  or 
curved,  may  not  be  superfluous,  for  although  the  strains  in  an  arched  beam 
differ  from  those  in  a  straight  one  under  the  same  amount  and  position  of 
load,  the  moments  which  produce  those  strains  (called  Bending  Moments)  are 
the  same  under  certain  conditions. 

Therefore  take  the  general  case:  of  a  beam  covered  throughout  by  a  weight 
{w)  per  running  foot,  as  for  instance  its  own  weight,  and  also  by  a  load  (m'i)  ex- 
tending from  one  end  A,  a  distance  (s),  as  of  a  train  covering  that  part  of  a 
bridge,  then : 

1.  The  curve  of  moments  will  be  two  parabolas  with  their  vertices  over 
(D)  where  the  load  (u'j)  ceases.     Fig.  1. 

2.  The  strain  in  chords  or  "members"  of  the  beam,  or  arch,  will  be  at 
any  point :  the  moment  at  that  point,  divided  by  the  vertical  distance  from 
that  point  to  the  horizontal  line,  passing  through  the  points  of  sujiport  of  the 
beam. 

3.  If  (w)  is  omitted,  then  the  loaded  side  is  a  parabola,  the  unloaded  a 
straight  line  tangent  to  it  at  (D). 

The  equation  of  the  bending  moments  for  the  loaded  side  is. 


M; 


=_(„Xu.j)^+  ^^(2sl-s')+wl'j^  [A.] 


in  which  : 

Ma!  =  vertical  ordinate  expressing  moments  at  z. 

I    =  span. 
X  is  measured  from  A  towards  B. 

Making         — , =  0  (first  differential  coefficient) 

we  shall  get  the  value  of  x  where  the  moment  is  a  maximum,  namely  at  (c). 
That  is  A  c  or 

^^wl+'!^i2sl-s^).  ^^^ 

""^  2{w  +  w,) 
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Disaission  of  the  equation: 

If  w,  le^  and  I  are  kept  constant,  while  s  is  made  to  vary,  x  may  have  an 

infinite  number  of  values  between  the  limits 

I 
5  =  0  and  s  =  — 
2  • 

Also  by  substituting  the  diiferent  assignable  values  of  (s)  we  may  obtain  any 
number  of  curves  of  moments,  all  differing,  corresponding  to  each  position  of 
the  load. 

Suppose  the  load  to  occupy  half  the  beam  (which  in  the  case  of  an  arch  pro- 
duces the  greatest  bending  moment  due  to  the  passing  load),  s  =:  -p  and  the 
point  of  maximum  bending  strain  is : 

z  _  ^"  ^  +  I  Wj  Z 
2  {w  -I-  wj) 

A  parabola  from  A  to  B  whose  semiparameter  was  —  would  express  the 

w 

bending  moment  due  to  w;  and  one  with  semiparameter — ,  from   A  to  x,  and 

w 

a  straight  line  from  there  to  B,  will  express  the  bending  moment  due  to  w, 
over  half  the  beam. 

Or,  2d,  making  s  :=  —  in  equation  [A.] 

from  which  the  curve  may  be  calculated.     If  w  =  Wj —  then 

16 
and  the  equation  of  moments  woidd  be 

Mx  =  (I  x—x^)  w  I 
from  which    the    curve   of   moments    can   be   calculated    and   plotted,  as   in 
Fig.  1. 

N.  B. — If  the  parabolas  above  are  used,  the  sum  of  the  ordinates  of 
the  two  curves  due  to  w  and  Wi,  will  equal  the  ordinate  Ma;  calculated  by  the 
formula. 

Curve  of  Pressure. 

I. — The  curve  of  pressure  is  identical  with  the  curve  whose  ordinates  are 
the  moments  of  rupture,  if  these  latter  are  laid  oflf  by  such  a  scale  that  the 
middle  ordinate  coincides  with  neutral  axis  of  the  beam. 
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That  is,  if  on  A  B,  the  span,  Fig.  L,  the  curve  of  moments  is  laid  off  to 
such  a  scale  that  C  D  ^  rise  of  the  arch,  then  this  curve  may  be  taken  for  the 
line  of  pressure  or  the  resultant  of  the  forces  acting  on  the  beam. 

To  ascertain  the  chord  strains  due  to  the  bending  moment  Mj,  formula  [A], 
it  is  only  necessary  to  divide  M^  by  the  depth  of  the  beam.  In  a  "  straight 
beam  "  the  depth  is  constant,  in  the  segmental  arch  it  is  variable,  being  the 
rise  of  the  arch  at  whatever  point  (.r),  Mx  happens  to  belong.  Thus  the 
strains  vary  as  a  parabola  in  the  "  straight  beam,"  and  are  constant  in  a  para- 
bolic beam,  that  is  the  arch,  though  the  moments  of  the  forces  in  each  or  any 
beam  are  the  same.  N.  B.  Further  on  it  will  be  shown  that  there  is  in  an 
arch,  as  in  a  pair  of  rafters,  yet  another  bending  moment  (M^). 

II.— If  the  axis  of  the  beam  coincide  with  the  curve  of  pressure,  then  will 
the  arch  be  in  equilibrium.  That  is,  the  strains  at  any  section  will  all  be  com- 
pressive, and,  acting,  in  the  direction  of  the  neutral  axis,  there  will  be  no  ex- 
ternal bracing  of  spandrel  or  web  needed  to  keep  the  arch  in  position. 

This  onlj'  occurs  when  the  beam  is  arched,  and  herein  is  the  main  differ- 
ence between  an  arched  or  curved  beam  and  a  straight  one.  Practically,  in 
the  arched  beam  this  only  occurs  when  it  is  loaded  symmetrically  with  the 
centre,  and  also  the  rise  of  the  arch,  if  circular,  must  not  be  greater  than  y^ 
the  space.  For  a  greater  rise  the  circle  would  vary  too  much  to  coincide  with 
the  parabola,  which  is  the  curve  of  pressure. 

The  curve  of  equilibrium  or  of  pressure  will  differ  from  the  parabola  some- 
what, if  the  weight  of  the  arch  is  great  compared  with  the  horizontal  distrib- 
uted load.  If  the  load  is  carried  to  the  arch  by  radiating  spandrels,  then  the 
curve  approximates  to  a  circle,  and  the  horizontal  member  receives  a  tension 
due  to  the  horizontal  component  of  the  load  acting  in  the  direction  of  the  radial 
struts.* 


*  Transactions  Institute  of  Civil  Engineers  of  England,  Vol.  XXXI,  for  1871.  Mr.  Brere- 
ton  gives  the  following  as  approximately  true: 

1st.  With  uniform,  horizontal  load,  in  proportion  to  the  weight  or  rib  or  chain  as  6  to  1, 
applied  vertically,  the  curve  of  pressure  would  approach  very  near  the  parabola. 

2d.  With  the  same  3  to  1,  curve  midway  between  the  parabola  and  the  common  cate- 
nary. 

3d.  With  the  same  in  proportion  1  to  1,  the  curve  would  be  near  the  common  catenary, 

*th.  With  same  applied  through  radiating  spandrels,  proportion  3  to  1,  curve  would  be 
between  equal  catenary  and  the  circle. 

5th.  With  the  same  6  to  1,  radiating  curve  would  approach  closely  to  the  circle. 

In  all  these  if  the  arch  be  flat  the  difference  between  each  would  be  practically  insignif- 
icant. 
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The  iutroduction  of  these  radiating  spandrels  would,  we  think,  admit  of  bet- 
ter aesthetic  treatment  in  the  design  than  vertical  ones. 

The  advantage  of  the  arched  beam  being  to  reduce  the  strains  in  the  web  to 
nil,  under  the  uniformly  distributed  load,  a  curved  top  chord  to  bridges  has 
often  been  adopted  ;  but  unless  the  forni  be  that  of  the  bow-string  girder,  the 
constructive  difficulties  and  complications  generally  counterbalance,  in  the 
extra  expense,  the  amount  of  material  saved. 

III. — According  to  (II.)  the  above,  it  is  evident  that  if  an  arched  beam  be 
subjected  to  a  passing  load  (as  on  a  bridge),  in  order  that  it  may  always  be  in 
equilibrium,  its  axis  must  assume  a  different  curve  for  each  new  position  of  the 
load.  But  since  the  arch,  to  maintain  itself,  must  be  rigid,  this  continual 
change  of  form  is  inadmissible,  and  therefore  it  is  that  only  under  a  full  load 
is  the  arch  in  equilibrium.  Since  under  any  movement  of  the  load  (passing) 
the  axis  of  the  beam  can  no  longer  agree  with  the  curve  of  pressure,  which  de- 
pends upon  the  varying  moment,  the  structure  will  not  be  in  equilibrium,  and 
consequently  will  require  the  aid  of  bracing  to  resist  the  tendency  to  seek  such 
equilibrium.* 

IV. — The  maximum  strain  in  the  chords  of  a  "straight  beam  "  is  caused 
when  a  full  load  covers  the  entire  beam;  in  the  case  of  an  "arched  beam" 
this  is  not  so:  the  new  condition,  that  the  arch  shall  retain  its  form  when  sub- 
jected to  a  passing  load,  necessitates  that  the  line  of  pressure  or  thrust  no 
longer  agree  with  the  axis  of  the  rib,  as  when  uniformly  loaded.  This  causes 
another  Bending  Moment  (Mj),  namely:  the  product  of  the  thrust,  due  to  this 
passing  load,  and  the  vertical  distance  from  the  same  to  the  axis  of  the  arch 
round  which  it  tends  to  cause  rotation.  A  D  B  (Fig.  1),  being  the  axis  of  the 
rib,  and  A  P  Pj  B,  being  the  line  of  pressure,  then  the  Bending  Moment  due 
to  the  passing  load  tending  to  cause  revolution  round  any  point  {d)  of  the  axis 
is  Mj  =1  P  X  distance  jo  d. 


*  The  inverted  arch  or  suspension  bridge  does  not  require  this  rigidity  to  maintain  it- 
self, and  consequently  was,  as  first  constructed,  allowed  to  assume  a  curve  of  equilib 
rium,  due  to  each  position  of  the  loid.  But  this  flexibility  allowed  vibrations,  both  from 
wind  and  the  motion  of  the  load,  as  the  trotting  of  cattle  or  marching  of  men,  which  vi- 
brations assumed  a  wave-like  motion  so  great  as  to  cause  the  destruction  of  many  other- 
wise strong  bridges.  The  iutroduction  of  stay  rods  from  the  towers  to  the  floorway, 
and  of  an  auxiliary  truss,  was  therefore  indispensable;  hence  one  of  the  main  points  of 
advantage  in  point  of  cost,  of  the  suspension  over  the  arched  bridge,  was  removed — that 
of  not  having  to  allow  for  the  effect  of  the  passing  load. 
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Now,  since  the  line  of  pressure  (Fig.  1)  passes  above  the  axis  on  the  loaded 
part,  and  below  on  the  unloaded,  this  new  bending  moment  will  be  +  (or 
compression)  in  the  former,  and  —  (or  tension)  in  the  latter. 

V. — This  extra  bending  moment,  and  the  consequent  strain  in  tlie  flanges 
of  the  beam,  form  the  difiference  between  the  "arched"  and  the  "straight" 
girder ;  therefore,  before  proceeding  to  the  actual  strains,  I  will  somewhat  an- 
ticipate by  adding : 

The  point  where  Mj  is  greatest  is  about  J  span,  exactly  that  amount  when 
the  bridge  is  half  loaded.  Here  the  line  of  pressure  will  vary  most  from  the 
axis  of  the  beam.  If'it  approach  too  near  the  outer  edge,  the  opposite  edge 
will  be  relieved  of  all  strain  of  compression,  and  will  tend  to  open  — ;  p  d 
must  therefore  have  a  limit,  conditional  with  there  being  no  tension  in  the  op- 
posite edge.  Such  values  of  (jo  rf)  in  terms  of  the  depth  of  the  rib,  are  derived 
from  the  moments  of  inertia  of  the  cross-section  of  the  rib,  and  are  as  follows : 

{pd=z(j  h). 

For  a  rect.  solid  beam      a  h  =z . 

^  6 

"    solid  circle  or  ellipse  "  = 


"    hollow  square  "  ^  ~~l  1  -|-  7V)- 

"    hollow  circle  "  =; — —(  1  +  — ^  I. 


Wliere  h  and  h^  are  the  external  and  internal  depths. 

For  a  rolletl   beam-section  of  rib  A,  =  sect,   each  flange   A„  ^  sect,  web 


For  a  beam  with   braced  web,  as  the  Coblents,  o  h  =  — , 
h  being  distance  between  centres  of  gravity  and  flanges.* 

VI. —  General  Equation  of  Moments,  and  hence  the  strains,  in  flanges  of  an 
arched  beam. 

We  have  now  seen  that  while  the  line  of  pressure  coincides  with  the  neutral 
axis  of  the  rib,  the  moments  are  the  same  as  in  a  straight  girder ;  but  that 
when  the  load  is  other  than  symmetrical  with  regard  to  the  centre,  there  is  a 


*  See  Eankine,  "  Civil  Eng.,"  p.  295. 
Ml  =  P  3  ft. 
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second  beuding  moment,  due  to  what  we   call   the  passing,  that  is,  variable 
load ;  hence  Ma;  must  be  modified  to 

M;.  =  M  ±  Ml. 

The  final  term  (M)  coinciding  with  Mx  in  equation  [A.] 
This  may  further  take  the  more  definite  form 

_Wl        Wi  l^       1 

~~8~  "^        8       ■  ~ 

where  W  =  (iv  +  mv^)  I 

and  /j  =:  n  Z  =  s  in  equation  [A] 

and  2  is  a  factor. 

W  I 

Where  n  =  1,  Mx  = 

8 

the  arch  fully  loaded. 

VII. — Strains  due  to  the  above  moments. 

Dividing  by  lever  arms  dx  =  rise  of  arch,  hx  =  depth  ;  d  and  h  vary  at 
each  point  (x). 

rp  M  Ml  . 

Two  cases  will  be  particularly  treated  of  in  what  follows — the  independent 
arched  beam  and  the  continuous  arched  beam  ;  the  former  allowed  to  move  by 
means  of  pivots  or  circular  sockets  at  the  abutments,  and  hence  similar  to  the 
straight  girder  free  at  the  ends ;  the  latter  bolted  fast  at  the  ends  (encastree), 
and  similar  to  the  continuous  straight  girder. 

VIII. — Tiie  positions  of  the  passing  load  on  an  arch  which  produces  the 
maximum  thrust  are  two,  namely,  the  span  half  covered,  and  f  covered. 

1.  Half  covered  produces  maximum  strain  in  upper  flange  of  loaded  half. 
For  the  continuous  arch,  there  is  a  point  of  contrary  flexure  about  ^^  span 
from  the  end,  causing  the  maximum  strain  to  pass  to  the  lower  flange. 

2.  f  or  .G  covered  causes  maximum  thrust  in  the  lower  flange.  The  point 
of  contrary  flexure  in  the  continuous  arch  is  at  ^^g  in  this  case  also.  This  is 
more  evident  by  inspecting  the  diagrams. 

Returning  to  equation  [C]  or  [CJ  where  W  represents  both  permanent 
and  passing  load  on  the  arch,  and  W^  the  passing  load ;  while  dx  is  the 
rise  of  the   arch    at   x   measured  from    one   end,  and    li%  the    corresponding 
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dentil    of  the   rib,    where     —  is   a    factor,    it  will   be    noticed    that  the  two 
z 

second  terms  are   in   all    respects   similar   to  the  well-known    equation 

8  (I 

for  an  ordinary  beam;    and    the   strains    are,  in  fact,  the  same  as  those  of 

a  beam  of  same  span  as  the  arch  with  top  chord  varying  as  the  parabola, 

plus  the  strain  in  a  beam  of   half  the   span  and  depth  equal  depth  of  rib, 

loaded  uniformly  with  (w^)  per  running  foot,  supposing  the  case  of  the  arch 

half  loaded  (VIII.) 

Further  carrying  out  this  analogy  between  the  straight  beam  and  the  arcli, 

which  a  car*^ful  analj'sis  of  the  elaborate  theory  of  the  Coblentz  and  other 

hinged  bridges  clearly  shows,  the  following  formulio  and  geometric  method 

are  given : 

Case  I. 

Independent  arclied  beam,  or  arch  hinged  at  the  ends. 

Maximum  strains  in  each  flange  or  member : 

I 
Centre,     z  ^  — . 

Each  flange : 

T  ==  i  («'  +  «- J  il  [1.] 

I 
Haunch,     x  =  — . 
4 

Upper  flange: 

Open 

"  =  A  ±  Ai. 

I 
Lower   flange  x  =  —  : 

L  =  j(«o+^...)3-,sec_±i.  -Y^  [3.] 

"  =  B  ±  Bi. 
End,  spring. 
Each  flange: 

Ti  =*(tt'  +  H'i)— sec(a)  [4.] 

IX.    These   formulfe  give    the   maximum    strains    and   the    points   where 
they   occur,    and   are  by   themselves    quite    sufficient    for   small   arches   or 
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preliminary   calculations.      The  factor   sec.  —  may    ordinarily   be    omitted, 

indeed  it  is  an  approximation  the  true  value  of  the  first  term  of  equa- 
tions (2)  and  (3)  may  be  correctly  arrived   at   by  employing  equation  [A], 

making  x  alternately  =  —  and  —  and    by  making   s  =  ^  I  and  |  I,   and 

having  solved  the  equation  for  Ma;  =  -x-  and  Ma;  =  —  divide  these  by  the 

rise  of  the  neutral  axis  at  these  points  (which  may  be  taken  for  the  vertical 
ordinate  of  the  line  of  pressure.)  Strain  due  to  temperature  will  be  treated 
presently. 

Shearing  strain : 

S=±^  [5.] 

In  a  beam  whose  web  is  continuous,  as  rolled  or  riveted  M,  |  the  web 
may  be  considered  as  belonging  to  the  flanges ;  the  section  of  the  other  f 
must  be  capable  of  standing  a  shearing  strain  =  J  passing  load. 

X.  From  equations  LC^]  and  [2]  it  may  be  noticed  that  the  strains  are 
similar  to  a  pair  of  rafters ;  that  is,  there  is  a  strain  dui;  to  a  beam  of  span 

/  and  depth  d  -{-  the  strain  due  to  a  beam  or  rafter  of  span  —  and  depth 

h  covered  with  the  passing  load. 

XI.  Now  taking  the    case  of   the   Coblentz  bridge   (Fig.  11.)  the   curve 

A'  C  B'  is  laid  upon  A  B  by  the  formula 

^" 
^  (mi  -|-  Wj)  —  sec  Of. 
8  (I 

Next   curves   E  F   and    G  H    are    laid    off    on    A  B,    by  making  C  F  =  ^ 

—   and   C  G  —  i   {iv  -{-  |  w.)  — ,    and    containing    the    lines 
8d  o  a 

F  E  and  G  H  parallel  to  A'  C  B'.  If  laid  off  by  equation  [A]  these  will 
be  nearly  parallel  to  A  B  (remembering  always  to  divide  Ma;  by  the  ver- 
tical ordinate  of  the  neutral  axis)  ;  but  this  manner  is  shorter  and  errs 
on    the    side    of    safety.      Next    on    A   C    lay    off   the    parabola    of   which 

i.  — is  the  middle  ordinate,  the  difference  between  this  parabola  and 

^     64  <?  A 

curve  A  is  the  minimum   strain    in    lower   member  or  flange.      Laying   off 

the  ordinates  of  this   parabola  on  curve  A  gives   curve  A  -j-  Aj   which  is 

the   maximum    strain   in    upper   member.     A   tangent   C  N   being   drawn, 


("  +  "t) 
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A'  N  Cy\s  the  maximum  curve,  tlie  ordinates  of  which  give  the  strain  on  upper 

flange. 

On    the    right  hand  we  have    a    parabolic  curve,  but   differing  from  the 

one  due  to  half  a  load ;  the  vertical  ordinates  are  given    in    terms    of  the 

w    l^ 
greatest,  which  is  ^ — 1 —  .      A  similar  tangent  B  T  completes  the  maximum 
62  q  h 

curve  and  includes  the  strains  due  to  other  positions  of  the  load. 

Had  the  rise  been  J^  span,  these  ordinates  would  have  very  closely  agreed 
with  those  given  in  the  German  work,  while  if  less  than  y*^,  the  strains  would 
be  a  trifle  in  excess;  as  it  is,  the  area  expressed  in  square  inches  agrees  within 
1  or  2  per  cent,  throughout.  The  allowed  strain  was  4.4  tons  compression  on 
the  (wrought  iron)  arch. 

Shearing  Strains.  Fig.  III.  gives  the  true  curve,  but  as  the  maximum 
ordinate  is  but  I  passing  load  it  gcnerall}'  suffices  to  calculate  this,  draw  in 
the  curve  by  eye,  erect  A  Aj 

W]     I 

=  ±  -  no'79.. 

y  1  +  4  c« 

Where  C  =  — ,  and  draw  A'  S,  S  being  .217  /  from  A. 

XII. — These  shearing  strains  are  normal  to  the  arch,  and  if  the  web  is 
made  up  of  diagonals  the  shearing  strain  in  any  diagonal  will  be  the  ordinate 
of  this  curve  multiplied  by  the  secant  of  the  inclination  of  the  brace  with  the 
flange.  The  shearing  strain  is  both  compressive  and  tensile,  therefore 
the  web  must  be  "  counterbraced "  throughout,  if  it  be  composed  of 
bracing. 

Case  II. 

Tlie  Continuous  Arched  Beam. 

Maximum  Strain  in  each  Flange. 

As  in  the  case  of  the  independent  arch,  the  bending  strain  due  to  the 
passing   load,  say  on    half  the   bridge,  was  found  to  be  equal  to  that  of  a 

straight  beam  of  half  the  span   (  —  )   and  of  depth  equal  the  depth  of  the 

rib  {h),  supported  freely.  So  it  might  be  expected  that  in  the  case  before  us 
the  bending  strain  would  be  equal  that  of  a  similar  straight  girder  "  built  in 
at  one  end  and  on  a  free  support  at  the  other."  Applying  this  in  the  case  of 
the  St.  Louis  bridge,  of  Capt.  Eads,  the  author  found  the  curves  to  be  almost 
identical,  and  in  no  point  did  they  vary  radically. 
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XIII. — Tlie  geometrical  method  of  expressing  such  a  strain  is  seen  in 
Fig.  IV.,  as  given  by  Humber's  Handy  Book  of  Strains,  Art.  28-29,  and  is  the 
difference  between  the  parabola  in  Fig,  II.  and  a  triangle  whose  height  is 
equal  to  or  rather,  more  correctly,  a  trifle  greater  than  the  central  ordinate 
of  the  parabola. 

The  curves  A'C'B'and  E  For  (A)  are  the  same  as  in  Fig.  II.  The  curves 
(A  -j-  A^)  and  (A  —  A^)  are  the  ordinates  between  the  parabola  and  tri- 
angle laid  off  on  E  F.  The  point  of  contrary  flexure,  or  where  the  strain 
passes  from  the  upper  to  the  lower  flange,  is  at  (m).  The  dotted  lines 
indicate  up{)er  flange,  the  plain  lines  the  lower  flange,  and  the  heavy  ones  the 
maximum  in  each. 

XIV. — The  maximum  strain  due  |  load  is  seen  on  the  right  of  Fig.  IV., 
but  the  writer  has  been  able  only  to  furnish  formulae  for  the  middle, 
end,  and  centre  strains,  and  to  draw  the  curve  by  eye  between  them. 
This  is,  however,  sufficient,  as  in  practice  it  is  only  necessary  to  calculate 
the  strains  by  the  formulaj  that  follow,  and  to  make  the  area  constant 
throughout  the  middle  |  of  the  span,  even  in  the  largest  bridges,  while 
for  a  tenth  or  ^\  on  each  end  the  area  may  be  made  to  agree  with  formuhe 
Uj  and  L, . 

It  may  be  noticed  that  had  the  Coblentz  bridge  been  bolted  fast  at  the 
ends,  the  strains,  with  the  exception  of  a  short  distance  at  each  end,  would 
have  been  reduced  (See  Figs.  II.  and  IV.) ;  but  if  we  take  strains  due  to 
temperature  into  account  in  Case  II.,  the  great  depth  of  the  rib  would  increase 
the  strains  due  to  this  cause  more  than  in  Case  I. 

Formulw. 
Maximum  strain  in  each  flange. 
I 


Centre:     a;  ^ 


Haunch  :  x  =  -— 
3 


T  =  i(«+<«i)-^  (1.) 


Upper  member : 

U  =  ^(»  +  ^)-sec--±^-^  (2.) 

"  =A±  Aj. 

I 
Lower  member  x  =  — - 
4 


L  =  i  (w  +  ^  «.,)g-^ 
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Ml  I' 


=  i 


U3gh  (3. 


"=  B  nBi. 


Spring . 


Ui  =  i  (w  +  I  «'i)-^^  sec  (a)  ±  }. 


w,V^ 

66  q  k 

(4.) 

Wj    Z2 

64  q  h 

(6.) 

For  values  of  q  see  table  Sec.  V. 

The  minus  sign  gives  the  minimum  strain,  and  this,  taking  into  account 
strain  due  temperature,  must  not  be  less  than  zero,  otherwise  the  rib  at  that 
point  will  open,  unless  it  be  at  the  ends  where  the  flanges  can,  in  a  metal 
arch,  for  the  short  distance  required  dV).  ^^  made  to  resist  tension  with  con- 
siderable advantage,  as  the  strain  by  reducing  the  depth  of  the  rib  (equations 
4  or  6)  will  become  tensile  or  minus  at  the  ends  long  before  at  the  (2  or  3) 
quarter  points  or  haunches. 

Shearing  strain : 

Centre  : 

^-~     8  (6.) 

/. 

constant  from  there  each  way  — 

From  the  quarter  points  to  the  ends  or  spring :   regularly  increasing   to 

^1       24  .   2  (7.) 

which,  to  include  strain  due  temperature,  should  be  increased  |.  This  may 
give  too  great  a  strain  in  some  circumstances;  but  as  the  entire  web  doesnot 
include  much  metal  even  in  large  bridges,  this  excess  does  not  amount  to 
much.     Section  XII.  applies  equally  here. 

Fig.  V.  gives  the  shearing  strains ;  the  dotted  lines  are  the  actual  strains 
according  to  formulee  of  Col.  Flad,  in  Capt.  Eada'  bridge. 

TEMPERATURE. 

Strains,  both  tensile  and  compressive,  are  caused  by  a  rise  or  fall  above 
the  ordinary  temperature  (say  of  60°)  at  which  the  structure  is  erected. 

In  this  country  the  maximum  range  may  be  taken  at  from  120  to  160  de- 
grees, that  is,  half  that  amount  above  and  below  the  mean. 

A  rise  causes  increased  strain  of  compression  in  lower  flange,  and  a  corre- 
sponding  decrease  in  the  upper;  likewise  a  fall  produces  the  reverse. 
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(A — Aj),  see  Fig.  2,  must  never  be  equal  to  zero,  since  tlie  tension  due  to 
temperature  must  be  met  by  compression  already  in  the  flano;e,  which  can 
only  happen  if  A  (compression)  is  larger  tlian  A^  by  a  ([uantity  equal  to  this 
tension. 

If  an  arch  is  hinged  at  the  centre  as  well  as  at  the  ends,  the  strains  due  to 
temperature  are  avoided,  and  theory  applies  with  greater  approach  to  the 
actual  case.  This  will  be  apparent  from  the  fact  alone  that  the  line  of  pressure 
in  this  case  is  fixed  in  three  points. 

If  a  bridge  is  sufficiently  wide  to  have  ample  horizontal  bracing  between 
the  arches  to  prevent  the  tendency  to  overturn,  this  plan  would  be  most 
advantageous. 

It  may  be  easily  shown  that  the  strains  due  temperature  are,  in  Case  I, 
equal  to  those  in  a  straight  girder  of  span  (/)  and  depth  {h),  uniformly  loaded 
with  a  weight  Wx  ;  while  in  Case  II.,  to  that  of  a  straight  girder  built  in  at 
the  ends  of  depth  (A)  and  span  (/),  also  uniformly  loaded,  but  with  a  weight 
W  y.  That  is,  the  deflections  are  the  same  ;  and  hence  the  following  formulte 
for  the  increased  strain  in  tons  (2,000  lbs.)  per  square  inch,  the  area  taken 
being  that  required  by  the  preceding  formuhe. 

Case  I. 
Arch  hinged  : 

Strain  at  centre  F  =  .0004  E   (  1   H — ^^  — 

Case  II. 
Arch  fixed  : 

Strain  at  centre  F  =  .000525  E  -^  (  1   -j j^\  ._  , 

a  \  L'    J  [J^.J 

Strain  at  ends  =  .00105  E  —  (  1   H —-  \ 

d   \  P    /  [G.] 

or  double  that  at  the  centre. 

Now,  in  the  first  case,  the  ordinates  of  a  parabola,  whose  middle  ordinate 
is  [E]  X  a,  and  whose  base  equals  the  span,  are  the  extra  areas  needed. 

And  those  of  a  parabolic  curve,  whose  middle  ordinate  is  [F]  X  «,  end 
ordinate  is  — [G]  a,  and  zero  ordinate  is  at  a  point  =  .22  I,  give  the  extra 
area  in  Case  II. 
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Table. 

Taking  a  mean  value  for  -rj— ,  the  quantity  in  the  parentheses  of  these 

formulaj   may  be  taken    at    1.05    and   substitutin!^  vaUies  of    E,  raocUihis   of 
elasticity  in  lbs.  we  have: 


Case  I. 

Cask 

II. 

Centre. 

Centre. 

Ends. 

Cast  iron 

F  — 3.28    \ 

a 

F=4.45    \ 
d 

Wrought  iron 

-5.90    '' 

-■J 

=  i«4- 

d 

d 

The  accuracy  of  these  formuhe  is  confirmed  by  B.  Baker's  excellent  work 
on  "Beams,  Columns,  and  Arches;"*  in  the  third  column  of  the  table,  how- 
ever the  value  of  F  differs  from  Baker's.  This  paper  is  too  small  to  allow  of 
an  argument,  but  the  writer  would  refer  to  Humber's  Hand}'  Book  of  Strains, 
Section  25,  "the  case  of  a  beam  built  in  and  fully  loaded,"  and  also  to  the 
elaborate  calculations  in  the  case  of  Capt.  Eads'  bridge  at  St,  Louis,  where 
may  be  noticed  the  strain  at  ends,  due  to  temperature  equal  twice  that  at  the 
centre. 

These  formulas  when  applied  to  the  Coblentz,  Victoria,  St.  Mauritz,  and  to 
other  bridges,  the  elaborate  calculations  of  which  we  possess,  give  correct  re- 
sults; for  steel,  however,  judging  from  the  St.  Louis  bridge,  the  only  example 
of  Case  II.  in  steel,  which  we  have  to  test  by,  the  formulaj  (F)  and  (G)  give  a 
too  low  result  by  about  one-half.  As  steel  must  of  necessity  plaj-  a  m  ach 
more  important  part  iu  bridge-building  in  the  future  than  in  the  past,  the 
writer  regrets  not  being  able  to  account  for  this  disparity,  nor  to  furnish  a 
simple  formula  to  apply  to  the  case. 

Economic  Depth, 

It  may  be  well  to  call  attention  to  the  fact  that  F  depends  directly  on  the 
depth  of  rib  (A)  and  indirectly  on  the  rise  (d),  and  therefore  the  creator  the 
rise  and  the  smaller  the  depth  the  smaller  the  strain ;  -^^  span  has  been  a  very 
usual  rise,  but  as  low  as  i  has  been  used,  and  lately  it  has  been  demonstrated 
that  \  span  is  a  fair  average  for  economy. 

♦  P.  269.    F  is  there  the  long  ton,  and  for  only  30°  instead  of  60',  as  above. 
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The  minimum  depth  (/<)  may  be  arrived  at  approximately  by  the  following 

F 
formuliB :   /=  ^n ^ ,  say  4|  to  o  tons  for  wrought  iron,  5  for  cast 

iron,  and  8  and  12  for  steel. 
Then, 


Case  I. 


Case  ir.: 


8  Wj  (/ 


h^ 


G2q        {{l-lf)w^(l-lf)w, 
8  Wj  d 


113  q  sec  -|-  (^(1  -/)  w  +  (|  -f)w,^ 

which  may  be  taken  usually  at 

8  u\  d 

'-57  [(!-/)!. +  (!-/)«,,] 

DeJleetio7i. 

When  totally  loaded  an  arched  beam  will  deflect  so  as  to  cause  the  neutral 
axis  to  pass  considerably  below  the  line  of  pressure.  The  effect  of  this  is  not 
to  add  to  the  total  pressure  at  all,  but  to  increase  the  amount  in  the  upper 
flanges  with  a  corresponding  decrease  in  the  lower.  To  counteract  this,  a 
very  flat  wedge  or  wedges  are  introduced  behind  the  bearings  at  the  abut- 
ments, and  the  arch  is  sprung  up  as  much  above  its  true  curve  as  it  may  be 
expected  to  deflect.  This  has  been  successfully  tried  in  a  number  of  foreign 
bridges.  Baker  recommends  making  the  arch  to  fit  a  longer  span,  so  that 
when  compressed  by  the  load  it  will  settle  to  the  required  rise,  and  gives  the 
following  formula  for  the  excess  in  inches  of  the  new  span  : 


Tl 


800  ^ — 

a  =  sectional  area  of  the  flanges. 
This  may  be  put 


6400  a  d 


for  wrought  iron.  If  this  amount  for  cast  iron,  and   J  for  steel — depending 
upon  their  elasticity. 
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The  advantages  of  cast  iron  over  wrought,  and  also  those  of  steel,  the  greatest 
allowable  pressure  per  square  inch  and  practical  details,  are  points  of  interest 
which  should  be  discussed.  Before  leaving  this  subject  I  would  at  least  point 
out  that  Sections  IV.  and  X.  suggest  the  best  probable  method  of  stiffening 
an  arch,  either  by  making  the  arcVi  of  section  equal  to  formula  [1],  Case  I.  or 
II.,  and  putting  two  beams  and  a  tie  as  in  Fig.  7,  capable  of  standing  the  bend- 
ing strain,  or  in  the  case  of  the  bow-string  doing  the  same  thing,  only  reversed, 
the  diagonals  being  ties,  and  the  inclined  a  strut;  the  roadway  to  be  hung 
from  the  arch  by  simple  suspenders. 

Values  of  qnantitiea  used  in  this  paper. 

Mz  =  moment  at  point  whose  hor.  ordinate  is  x. 

H    ^  T  =  horizonial  thrust  at  centre,  due  total  load. 

I      =  span,  in  feet. 

d     =  rise  measured  to  neutral  axis,  also  ia  feet. 

h      =  depth  of  rib,  in  feet. 

d. 

'      =T 

lu     =  permanent  load  in  tons  per  foot. 

w    =  passing         "         "         "         " 

a 

—   =  area  in  square  inches  calculated  from  T. 

temp,  pressure  per  inch. 


allowed  pressure  i)er  inch, 
ton  =  2000  lbs. 

oc    :=  angle  between  horizontal  and  the  curve  of  neutral  axis  at  anj-  point. 
a     =  value  at  a  at  the  spring. 
T,  U,  L,  etc.  =  tiirust  in  tons  for  the  points  to  which  they  refer. 


U-.: /-,u/*'_ 


:---->! 


•S 


■---^ 


'3^ 

-I- 


"6*f 


-_Ca-a*;— ^--y 


/>'. 


ii^-An. 


Jh-m^-^oa^      Of 

^/^ovvt^ /jytSS.  juar  O"*  J^'^^  ^>i 

X)fX//. 
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77px 
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